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Publisher's Letter 


New 20W class-A module 
is a step closer to perfection 


Back in November 2006 we asked the question: 
Do people really want a high-performance valve 
amplifier? Significantly, we are still getting the 
occasional email from people expressing their 
interest or otherwise. And while the consensus of 
the letters seems to be that people are interested in 
valve amplifiers, we are of the strong impression 
that comparatively few people would actually 
build the then proposed 60W/channel stereo 
amplifier with negative feedback. 


Interestingly, we expected a number of letters expressing dissatisfaction 
with the proposed concept but that was not the case. A number of people 
also suggested an updated version of the output transformerless amplifiers 
produced by Cyril Murray and other designers in the late 1960s. These were 
designed to drive special high-impedance loudspeakers and if we were to 
update them, we would actually need to use an output-coupling transformer 
to drive conventional low-impedance loudspeakers, so there would not 
necessarily be an advantage to that approach. 

Regardless of what approach we actually took, our previous experience 
leads us to expect that few people would build the final design when they 
were confronted with the high price and the amount of the work required 
to assemble the amplifier. So we decided to take the alternative approach 
and upgrade our very popular 15W class-A amplifier which was featured 
back in 1998. 

We approached this with some trepidation because we well remember 
the problems we had with the power supply and the lengths we had to go 
to obtain satisfactory low residual noise. The problems were based on the 
heavy fixed current drain from the power supply and the relatively large hum 
field produced by the toroidal transformer because of that high current. 

However, I am delighted to report that our efforts have borne fruit. As a 
result of some very careful analysis of the 1998 design by Peter Smith and 
drawing on some circuit techniques advocated by noted audio designer 
Douglas Self, we have been able to get some very significant improvements, 
as well as a little more power, while keeping overall power dissipation to 
levels similar to the old design. This has been achieved by quite a number 
of minor improvements to the circuit, a new PC board design and a shielded 
toroidal power transformer which has allowed us to eliminate the earlier 
design’s regulated power supply which was housed in a separate box. 

This month we present the first in a number of articles on the new ampli- 
fier module and a subsequent stereo class-A amplifier delivering 20 watts 
per channel. Ultimately, it will give far better sound quality than any valve 
amplifier and at a far lower price. Nor will its audio performance be degraded 
over a relatively short time by component ageing, as happens inevitably in 
any valve amplifier. 


Leo Simpson 


ALTRONICS ADVERTISING CORRECTION 

Please note that on page 3 of the advertising flyer included with this issue, several items 
in the current “Altronics Price Cuts” promotion are advertised with incorrect prices. 
Under “Rack Shelf Discounts”, the part numbers H 5352, H 5362, H 5353 and H 5363 
are shown as “2 for”. This is meant to read “2 up” — eg, H 5352 is $45 each when you 
buy two or more. Altronics apologises for any inconvenience caused. 
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ters to the Editor are submitied on the condition that Silicon Chip Publications Pty Ltd may 
edit and has the right to reproduce in electronic form and communicate these letters. This 
also applies to submissions to “Ask SILICON CHIP” and “Circuit Notebook”. 


CFL energy savings 
non-existent 

With regard to your article on the 
proposed ban on incandescent lamps 
(April 2007), the purpose is to save 
energy, right? Maybe our politicians 
ought to take a step back and look at 
the bigger picture, 

The cost of a product often relates 
reasonably well to the energy cost of 
mining and refining the raw mate- 
rial, manufacturing, packaging and 
transport, So a CFL might cost say 10 
times the (energy) cost of an equiva- 
lent incandescent to supply to the 
customer. 

I have quite a number of lamps in 
my house that are essential but are 
infrequently used and then only for 
very short periods of time. I’ve yet 
to see a 500W CFL flood lamp and 
would hate to think of the cost — yet 
my rear security light is just that and 
would operate for perhaps 90 seconds 
per year! 


SILICON CHIP: the last 
of the Mohicans 

Firstly, congratulations on the 
outcome of your first excellence 
awards, announced in the February 
2007 issue. It is really hoped that 
this initiative continues to grow. 
Remember that if even one student 
is motivated you have succeeded. 

Perhaps 1 could be described as a 
“magazine junkie”, having started 
in my school days with Radio & 
Hobbies and moving on to such 
publications as Electronics World, 
Electronics Australia, ETI, CQ, QST, 
73, Talking Electronics, Nuts and 
Volts, Practical Wireless, Amateur 
Radio and from its first issue, SILI- 
CON CHIP. No doubt you have visited 
a newsagency recently and have 
observed that you are just about the 
last of the Mohicans, 

We all have pet theories as to the 
mechanisms driving the demise of 
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The point I am making is that 
putting CFLs in these locations will 
certainly result in a net whole-of-life 
energy loss. That is, the power station 
will have to produce more power to 
make and run these CFL lamps, over 
a lifetime, than the incandescents 
they replace. Obviously, this argument 
does not apply to high-use lamps and 
I support their application. But in my 
considerable experience, the life of 
CFLs can more typically be around 
the 300-2000 hour mark and this seri- 
ously impacts the energy benefits of 
their use. Perhaps the pollies need to 
employ engineers to add some logic 
and sense to their pontifications. 

Ian Thompson, 

Duncraig, WA. 


23W energy saver lamp 
flashes at night 

I would like to bring an interesting 
side effect of CFLs to your attention. 
I bought two 23-watt “Philips Tor- 


some of these publications and I see 
the deliberate “dumbing down” of 
the country right at the top of my 
list. In the midst of all of this, SILI 
CON CHIP has continued to go from 
strength to strength, so please take 
a pat on the back, as my perception 
is that it is serving a wider interest 
base. 

In his comments on the publica- 
tion of articles on valve amplifiers 
(Mailbag, page 9, February 2007), 
Jan Farquar is certainly on the wrong 
tram. In the world of hobby electron- 
ics, experimentation is a positive 
way forward and valve technology, 
albeit becoming obsolescent, is a 
valid hobby interest. While com- 
parisons between valve and solid- 
state technology may be valuable, 
discussions as to which is “better” 
are meaningless. 

Any “hands-on” experience gain- 
ed through construction will provide 


nado”, “Compact High Light Output”, 
“Energy Saver” light bulbs from Coles 
in Sydney. The packaging states that 
they “can operate within 170-250V 
range”. 

These bulbs are very bright (equiva- 
lent to 125W incandescent) and give 
off a fairly pleasant warm white light. 
The interesting (and slightly irritating) 
bit is that when mounted in a ceiling 
light and with the wall switch turned 
off, the lamp dimly flashes very briefly 
several times a minute, all night! 

I tested each of the bulbs in various 
ceiling fittings, finding the flash rate 
varies slightly, depending on location. 
Neither bulb would flash in a lamp 
that breaks both Neutral and Active. 
I could not reproduce the effect in 
several other types of “energy saver” 
lamps that I have at hand. 

The light circuit wiring and switch- 


educational benefits well beyond the 
use of commercially-built equip- 
ment or computer simulation. 

It must be said that the current 
wave of TV advertisements promot- 
ing apprenticeships and encourag- 
ing students to turn to maths and 
science raise doubts in regard to 
the motivation behind them. With 
the anti-science campaign of recent 
years being so well organised and 
funded, and indeed being very 
successful, | wonder how it will 
be possible to put the knitting back 
together. 

For example, how coulda student 


cope with university level studies 


in maths and science-oriented sub- 
jects after passing through a school 
system where the teachers of these 
subjects are on the endangered spe- 
cies list? 

George McLeod, 

via email. 
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Playmaster AM/FM tuner 
morphed into mailbox 

Almost the whole nation is awash 
with idiotic-sized tiny letterboxes 
which were designed for the needs 
of the 1920s. There must be millions 
of (A4-size) magazines which are 
subscribed to in Australia every year 
but when they arrive at the average 
home, we see the mail-person fold 
it in half and squeeze it (and any at- 
tached CD or DVD) through the tiny 
slot of the letterbox. 

My personal solution to the prob- 
lem is the new Playmaster Snailmail 
Inbox project. It is the perfect size for 
A4 magazines and is based on the 
Playmaster Stereo FM Tuner-Digital 
Clock project by Leo Simpson in the 
November & December 1978 and 
January 1979 issues of “Electronics 
Australia” magazine. I also plan to 
have a 150mm diameter newspaper 
tube suspended underneath it. 

Michael Katalinic, 

Lavington, NSW. 


es in our house is old and possibly 
a bit leaky. The switch is definitely 
in the “Active” line. An old DMM 
shows either zero or 1-2V AC across 
the open circuit socket with the light 
switch off. 

I assume that there must be some 
fairly efficient (non-leaky) electron- 
ics in the bulbs to produce this effect. 
The only device, to my knowledge, of 
similar efficiency is a neon indicator 
that has sufficiently high impedance 
to flicker in this sort of situation. 

Lee Braithwaite, 

via email. 

Comment: we recently observed the 
flashing CFL effect ourselves in a 
number of lamp fittings. We have con- 
cluded that it is not a fault in the CFL 
or the 240VAC wiring but an artefact 
of the capacitance of the wiring to the 
light switch (from the ceiling junction 
box). In a typical home, this will be 
about six to eight metres of sheathed 
twin cable and this can be expected to 
have a capacitance of maybe 300pF 
or more, 

In effect, this cable capacitance 
across the switch lets the CFL bridge 
rectifier build up sufficient DC to let 
the circuit fire the CFL tube, collapsing 
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Comment: what sacrilege! Your old 
AM/FM tuner project should be 
venerated in a softly lit display case 
in your home rather than having to 
stand out in the elements and being 
force-fed junk mail. We are very sad 
al this sorry state of affairs. 

Seriously, you are right. Butrather 
than recycle defenceless tuners, 
there are millions of old computer 
cases which would be suitable for 
the job. Painted and adorned with 
a street number, they should last 
many years. 


the DC and letting the cycle repeat ad 
infinitum. It is acting as a relaxation 
oscillator. 

While you are aware of the flash- 
ing effect only at night, it happens all 
the time. If it worries you, it could be 
stopped by connecting a small capaci- 
tor across the CFL socket, say .O1UF 
(10nF) 250VAC class X2. Alternatively, 
the effect could probably be stopped 
if the cable to the switch was changed 
to “twin and earth”. 

This leakage capacitance effect also 
occurs with incandescent lamps (and 
any other load for that matter) but it 
is of academic interest only. 


GPS frequency reference 
is not optimum 

I would have expected a more re- 
liable design than that used for the 
GPS-Based Frequency Reference in 
the March 2007 issue. The method 
used to cascade counters IC4 & IC5 is 
incorrect. 

The TC output of a 74HC160 syn- 
chronous counter is not guaranteed to 
be glitch-free and the following coun- 
ter can increment on glitches in TC. 
The correct method would have been 
to cascade the two 74HC160s and the 


Atmel’s AVR, from 
JED in Australia 


JED has designed a range of 
single board computers and 
modules as a way of using the 
AVR without SMT board design 


The AVR570 module (above) is a way of 
using an ATmega128 CPU on a user base 
board without having to lay out the intricate, 
surface-mounted surrounds of the CPU, and 
then having to manufacture your board on 
an SMT robot line. instead you simply layout 
a square for four 0.1” spaced socket strips 
and plug in our pre-tested module. The 
module has the crystal, resetter, AVR-ISP 
programming header (and an optional JTAG 
ICE pad), as well as programming signal 
switching. For a little extra, we load a D51305 
RTC, crystal and Li battery underneath, 
which uses SPI and port G. 

See JED's www site for a datasheet. 


AVR573 Single Be 
nen DENT + 


ard Comput 
A A a <= E 


O 


This board uses the AVR570 module and 
adds 20 An./Dig. inputs, 12 FET outputs, LCD/ 
Kbd, 2xRS232, 1xRS485, 1-Wire, power reg. 
etc. See www.jedmicro.com.au/avr.htm 


$330 PC-PROM Programmer 


This programmer plugs into a PC printer 
port and reads, writes and edits any 28 or 
32-pin PROM. Comes with plug-pack, cable 
and software. 

4 Sept) 


he t oo. ae E ui? 

Also available is a multi-PROM UV eraser 
with timer, and a 32/32 PLCC converter. 
JED Microprocessors Pty Ltd 


173 Boronia Rd, Boronia, Victoria, 3155 
Ph. 03 9762 3588, Fax 03 9762 5499 


www.jedmicro.com.au 
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Mailbag: continued 


Still a place for 
valve technology 

Recent Mailbag contributions 
have continued from a few folk who 
would like to see valves confined to 
the history books. I have the view 
that there is a place for this tech- 
nology and that it should not be 
dismissed just because it is “old”. 
My home contains a mix of digita) 
electronics and solid state and valve 
amplification units, all of which live 
together in peace and harmony. 

There is no doubt that there are 
plenty of readers who would be 
interested in seeing what your tal- 
ented designers could come up with 
in terms of a valve amplifier. There 
is a plethora of solid-state amplifier 
designs and so a valve one would 
be something a bit different. EL34 
and 6L6 valve types are commonly 
available, as is the 12AX7 for the 
preamp. 

As a point ofinterest, I have noted 
that a number of high-end ($3000+) 
musical instrument amplifiers are 
“point to point” hand-wired and 


following JK flipflop synchronously, 
by connecting the TC from IC4 to CEP 
of IC5, and connecting TC from 1C5 to 
the JK inputs of both flipflops in IC6. 
1C4, IC5 & IC6 should then be clocked 
from the same 10MHz source. 

The easiest fix to the circuit error 
is to connect pin 11 of IC4 to pin 11 
of IC3e, connect pin 11 of IC5 to pins 
14, 3, 7 & 10 of IC5 and connect pins 
1 & 5 of IC6 to pin 2 of IC5. 

The phase of the 50kHz signal rela- 
tive to the 1MHz signal is unimportant 
so this fix will work well. The design 
will then work reliably over time and 
temperature even if different man- 
ufacturers’ parts are substituted. Not 
all 74HC160s are equivalent in per- 
formance. 

Ifinstead of connecting the outputs 
of IC8 & IC9 to the 8-bit DAC register 
(IC12), the phase measurements had 
been filtered with a Kalman filter in the 
processor and then the resultant high 
resolution averaged data fed to the 8- 
bit DAC via a software dither generator 
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use tag strips rather than PC boards. 
And some even use a valve rectifier 
(SAR4). 

The reality is that valves are not 
going to go away. The technology 
continues to occupy a valuable, 
important and respected position 
in high-end hifi and musical instru- 
ment amplification. 

John Parker, 

via email. 

Comment: we have considered all 
the correspondence about valve 
amplifiers since the editorial on the 
subject in the November 2006 and 
concluded that relatively few people 
would actually build a state-of-the- 
art valve amplifier when confronted 
with the likely cost of well over a 
thousand dollars. Instead, we felt 
that far more people would build the 
class-A amplifier presented in this 
issue, as it will be easier to build, 
much lower in cost and have ultra- 
low distortion. 

We can also guarantee that it 
will sound better than any valve 
amplifier. 


to increase the effective DAC resolu- 
tion, far higher accuracy and stability 
would have been achieved. 

In fact the 4046 and associated 
dividers could have been eliminated 
by clocking IC8 + IC9 continuously by 
the 10MHz oscillator being disciplined 
and sampling the current count on 
the leading edge of the PPS signal. 
About 100ns RMS random jitter would 
need to be added to the PPS signal 
to ensure unbiased averaging of the 
phase samples. A synchroniser (8-bit 
shift register) would be used to syn- 
chronise the jittered PPS signal to the 
10MHz oscillator being disciplined. A 
74AG164 or equivalent performance 
device would be required to reduce 
the rate of synchroniser failure due 
to metastability to less than once in a 
few billion years. HEMOS is way too 
slow for a synchroniser. 

The second 10MHz oscillator is 
thereby also eliminated. The short- 
term stability of the 10MHz oscilla- 
tor could be significantly improved 


by using a relatively simple discrete 
bipolar oscillator rather than a noisy 
gate oscillator, It should then not be 
too difficult to achieve a short and 
long-term stability of better than a few 
parts in a billion, 

Dr Bruce Griffiths, 

Hamilton, NZ. 
Comment: see the amended GPS- 
Based Frequency Reference circuit in 
this issue, 


Dumped computers 
have intact records 

Here are some ideas for recycling. 
When I buy a drum pack of CDs there 
are spacer washers included on each 
side of the stack to keep the CDs from 
self-destructing in transit. These are 
perfectly sized for hose to tap washers 
on your garden hose. 

With the advent of reasonably 
priced “direct to CD” printers, the im- 
agination runs wild on all the possible 
designs for clock faces that could be 
printed on a CD (at less than 30c). For 
$5 or less you can get a quartz clock 
movement from craft or $2 shops that 
fit extremely well in the hole of the 
CD. It makes a nice, original, useful, 
cheap gift. 

CD-ROM drives can be used (with a 
redundant power supply) as a stand- 
alone CD player. The analog output 
is directly compatible with any con- 
sumer amplifier line RCA inputs, so 
all you need to do is make up a lead 
with the right plugs. However, when 
selecting a CD-ROM, check the front 
panel buttons and make sure it has 
a dedicated play/skip button in ad- 
dition to the eject button, so it can 
be manually operated; some drives 
don't have this feature. Obviously, to 
keep it simple, there is no software 
control and it could be mounted in a 
box with an environmentally friendly 
off switch. 

On a more serious note, comput- 
ers from my local tip/recycling cen- 
tre/waste management facility now 
include DDR P4s, in addition to the 
odd $10,000 industrial colour laser 
(HP8550DN, HP4500DN), mono lasers 
(HP4050DN by the score), plotters 
(HP650C, HP755CM) and photocopi- 
ers, sometimes with absolutely noth- 
ing wrong with them other than crash 
damage from being toppled out of a 
ute/truck. 
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However, my concern is the boxes 
that, for whatever reason, have become 
superfluous to present needs and end 
up on the heap. Some computers do 
have minor faults (maybe a dirty con- 
nection, blown video card, modem 
or power supply, or the RAM needs 
reseating) but they often come with the 
entire hard drive intact, just waiting 
to be removed and re-sited in my test 
rig for perusal. 

I have come across computers from a 
government hospital with full patient 
records, from an accountant with every- 
one and their stuff that he's worked 
for since 1993, a solicitor with 36,000 
individual clients, what they own, 
where it is, how much it's worth, etc, 
defence department machines with 
names & addresses of generals and 
other senior ranks, schools with per- 
sonal child details, small businesses 
and all their affairs, plus aid agencies 
(both domestic and international). 

I’m no wizard, so ifI can access this 
then what do the dedicated detectives 
see when they go looking? By bringing 
this up I’m probably shooting myselfin 
the foot and 111 have to start collecting 
garbage bags and food scraps ‘cause 
there won’t be any more hardware. 
But I will be able to sleep soundly 
knowing that I’ve done the altruistic 
bit this year, Any other readers got 
similar horror stories? 

Name and address supplied but 
withheld at the writer’s request. 
Comment: you would think that any 
government department or business 
would at least security wipe any drives 
before dumping computers. Better still, 
they should pull out the drive and de- 

stroy it, to prevent data recovery. 


Modern cars have 
too much performance 

With respect to Julian Edgar’s scath- 
ing article on fuel economy, etc of 
modern cars (SILICON CHIP, December 
2006), I fully concur with everything 
he said but he should have said 
more. 

In the mid 1970s when the fuel crisis 
had become reality, I remember an 
article quoting vehicle manufacturers’ 
predictions whereby in the 1990s we 
would have cars that would achieve 
3 litres/100km. This could be one of 
those false memories that some of us 
suffer from time to time but there is 
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no doubt in my mind it could have 
been achieved. 

Julian blames weight, which isa big 
factor. I blame the power-to-weight 
factor. Many modern cars would have 
been racing cars in the 1960s and 
1970s. Recently, the Topgear TV show 
put two muscle cars from the 1960s, a 
Jaguar E-type & an Aston Martin DBA, 
against a Honda Accord Euro (2.41). 
The Honda murdered the oldies in 
every test. 

How much better would fuel econo- 
my now be if we stayed with the same 
performance levels as average cars of 
the 1970s? 

John Taylor, 

Donvale, Vic. 


Ferocious Felines Fouling 
Flivver’s Fine Paint Finish 

In reference to your correspondent’s 
problem with cats scratching the paint 
of his/her new car (Ask SILICON CHIP, 
February 2007), a friend has the same 
problem and solves it effectively by 
putting mothballs in a stocking and 
leaving the bag on the bonnet of his 
car. The cats soon got the message. 

Keith Gooley, 

Adelaide, SA. 


Priority switching 
for CB radio 

I am writing in response to the 
request by T. D. (Ask SILICON CHIP, 
March 2007) regarding a mixer for CB 
and/or mobile signals through his car 
sound system. This system was used 
in the 23-channel “Clarion JC-201E” 
CB radio, using the “RCJ-001” remote 
control head. This operated a relay to 
switch both stereo channels from the 
stereo system, the right channel being 
silenced and the CB output being fed 
to the left channel. 

The remote head in this case also 
housed the channel selector but this 
had no role in the audio switching, 
the incoming audio providing the 
drive signal to the switching transis- 
tor to operate the relay. The audio was 
controlled by the “Squelch” control, 
hence only a user-selectable level 
of audio was applied to the system. 
This ensured reliable operation and 
avoiding undesired interference to the 
stereo sound. 

Don Henriks, 

Adelaide, SA. 


it’s no fluke that 
Agilent’s new 
DMM was voted... 


Agilent U1252A 


...one of the Top 100 
Products of 2006. 


Introducing the new U1252A DMM from Agilent 
Technologies, the world leader in Test & 
Measurement. The U1252A comes with... 


— Dual simultaneous measurements 
— 4.5 digit resolution on both displays 
— 0.025% Basic DCV accuracy; True RMS AC 


measurements 
— Dual temperature; Capacitance 10nF to 100mF 


— 20MHz Frequency Counter; Maths Functions 

— Programmable square-wave generator 

— Rechargeable battery, backlit LCD display 

— Free PC connectivity software for data-logging 
{optional cable required) 

— Built tough and reliable 

— Calibration certificate included 

— 3 year Australian warranty 


and at a very affordable price! 


$586 + GST 
$641 + GST 


Model U1251A 
Model U1252A 


Download product brochures, view online 
demos, and purchase online at 

www. measurement. net,au. Agilent's new 
handhelds are distributed Australia-wide by 
Measurement Innovation. 


Tel: 1300 726 550 


www, measurement.net.au 
TE Agilent Technologies :measuroment INNOVATION 
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Transcont tal Record by three days. 
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congr atulated for t 

achievement. 
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by LEO SIMPSON 
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espite cloudy weather for the first two days of 
the record attempt the team was still able to push 


through for the fastest ever time. This record is un- 
likely to ever be bettered since the technical regulations 
have changed for the next solar car race, requiring the 
vehicles to be more like conventional cars. 

The adventurer Hans Tholstrup did the original west- 
east Australian solar car trip in 1983, in his solar car, the 
Quiet Achiever. 

Subsequently, in 1987, the World Solar Challenge invited 
bright young engineers and scientists from around the world 
to pursue the ideals of sustainable transport. 

The ultimate challenge is to design and build a car ca- 
pable of travelling across the Australian Continent on the 
power of sunlight and prove it by undertaking the 3000km 
journey in the spirit of friendly competition against others 
with the same goal. Over the last 20 years more than 300 
solar car teams from around the globe have competed in 
the race from Darwin to Adelaide. 

In effect, by breaking the West-East Transcontinental 
record, the Jaycar Sunswift has written the last chapter for 
solar race cars as we know them. 

Why? Because this year's Panasonic World Solar Chal- 
lenge will be run with more conventionally shaped cars, 
ending the reign of cars which are shaped like a credit card 
and not much thicker. 

Jaycar Sunswift probably also marks the end of evolu- 
tion of existing solar car electronics, although this remains 
to be seen. 

Suffice to say, it is the end of development of cars meas- 
uring 6m x 2m and with driver lying supine in a mobile 
sauna. 

Evolution has been the key word in solar car devel- 
opment over the last 20 years. Their overall design has 
changed relatively little while their overall efficiency has 
approached 100% but never quite got there — the classic 
asymptote. 

It was time for a change. 

Ultimately, Sunswift is a show-case of the best in solar 
car technology, as this story demonstrate s. 

Dave Snowdon, from the University of NSW, designed 
the electrical system in Sunswift III over the last five years 
or so. The major components are the motor, motor control- 


Here's the Jaycar Sunswift III, tailed by support vehicles, 
on Sydney’s M5 motorway, nearing the end of its epic 
journey. They didn’t tell us if they had to pay the toll... 
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If yow're looking for comfort in the drive from Perth to 
Sydney, we're betting that the Jaycar Sunswift TIT is not the 
best way to go. But what fantastic fuel economy: 01/100km! 


ler, solar array, maximum power point trackers, batteries 
and telemetry/control system. 


Pancake motor 


The car’s motor is built into one of the rear wheels in 
order to save the losses in a transmission if it were used. 
The downside of that is more rapid tyre wear in the 
driven wheel but the extra weight of dual wheel drive 
was thereby avoided. The motor itself is approximately 
98% efficient. 

The electrical design of the motor was produced by the 
CSIRO for the Aurora solar car. It is essentially a brushless 
AC motor with a central stator (containing the windings) 
and an outer rotor (containing the magnets). In effect, it is 
like an inside/out synchronous motor and long-time tape 
recording enthusiasts would recognise this as being similar 
in construction to a Papst motor. 

The differences are many. For a start, the motor is very 
thin, allowing it to fit inside a thin wheel hub and stream- 
lined fairing, for minimum wind resistance. 

The mechanical design of the motor was done by a thesis 
student and involved significant analysis. There is roughly 
6kN force between the two rings of magnets when the mo- 


BN 
And speaking of support vehicles, here's the inside of one. 
It has both voice and telemetry contact with the solar car 
by radio, GPS and (just in view at left) laptop diagnostics 
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Back in the workshop at UNSW, Simon Li, now Electrical 
Team Leader, shows us the driver’s position. It’s almost 
supine, with just the head poking up through the solar cell 
“lid” into the clear head guard. The two joysticks (one in 
each hand) control the vehicle’s direction and speed. 


re 


tor is assembled but the motor casing must also take all the 
cornering loads, etc. 


Motor controller 


The motor controller fills the normal role of the com- 
mutator. Three Hall Effect sensors allow it to sense the 
position of the magnets relative to the windings and then 
switch the motor currents accordingly. The controller was 
designed by Tritium Pty Ltd, who originally worked on the 
University of Queensland’s Sunshark solar car project. The 
UNSW team worked closely with Tritium while they were 
developing the controller and added a CAN interface and 
other improvements. 

The controller is about 99% efficient. It consists of three 
Mosfet half bridges (one for each phase of the motor) and 
a Digital Signal Processor. (Readers wanting to understand 
bridge motor drive should refer to the DC Speed Control 
article elsewhere in this issue). 

The motor controller pulse width modulates the bottom 
Mosfets in the half bridges in order to regulate the motor 
current and to control the speed. The motor controller also 
provides regenerative braking (ie, turning the motor into 
a generator, to charge the batteries while slowing the car 
down) by switching the phases in the appropriate order. 
The motor controller can handle up to 100A through the 
phases at up to 170V DG. 

The motor controller outputs a square wave (ie, the phases 
are either on or off, directly dependent on the state of the Hall 
Effect sensors. This causes a small efficiency loss, since the 
current is always at the same high value for a given torque. 
A newer version of the controller will produce a sinewave 
output which will have a higher peak but lower RMS cur- 
rent, for the same torque, giving better efficiency. 

Interestingly, those very high currents caused severe 
problems with motor over-heating when climbing long 
hills at low speeds. The high currents are partly a result 
of the “coreless” construction of the motor, meaning that 
it generates very little back-EMF at low speeds. So in spite 
the motor being rated at up to 98% efficient, at low speeds 
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Again back at UNSW, Yael Augarten (one of the Sunswift’s 
drivers) shows the inside of the driver’s “cabin”. The 


full racing harness is essential, just in case a large gust 
manages to cause loss of control. 


itis nowhere near that efficient and dissipates considerable 
heat as a result. This problem was exacerbated by the very 
poor ventilation inside the motor hub and wheel fairing 
— streamlining has a definite downside here. 


Solar array 

Sunswift IIP's solar array is made up of 1034 Sunpower 
A-300 solar cells. These are back-side contact cells, which 
means the electrical contacts don’t shade the front of the 
cell. Their efficiency is between 20 and 21%. The cells have 
been laser-cut to be rectangular so that they can be packed 
tighter into the solar array. They were encapsulated into 
thin, flexible panels by Hans Gochermann. 

Electrically, the solar array is organised into six panels 
consisting of more than 100 cells wired in series. This 


Working on the inside-wheel motor. There is only one 
wheel driven to save weight, albeit at the expense of tyre 
wear. The motor is up to 98% efficient. 
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Unlike most cars, hoisting the bonnet simply means taking 
the solar-panel “lid” completely off. 


is necessary for several reasons, the main one being cell 
matching. A solar cell is only able to pass as much current 
as the light falling onto it will allow. Even if two identi- 
cal cells are wired in series, if one is receiving less light 
than the other, the optimum current will be close to the 
optimum current for the cell receiving the least light. This 
is particularly important in a curved array, where cells 
which point in the same direction will receive about the 
same amount of light. 

The UNSW team did thorough simulations of the car 
overthe course ofthe World Solar Challenge (from Darwin 
to Adelaide) to work out which parts of the car received 
the same amount of light for most ofthe day and secondly, 
where the best cells should be placed (since there is a spread 
in efficiency, even within the same type of solar cell). 


Maximum power point tracker 


The other consideration when designing the solar array 
electrically was the Maximum Power Point Tracker (MPPT) 
voltage. The closer the solar array voltage to the battery pack 
voltage, the higher the efficiency of the MPPT. The solar 
cells have an open-circuit voltage of approximately 0.65V 
and a maximum power voltage of approximately 0.55V. 


Believe it or not, this three-line alphanumeric display is 
the only instrumentation the driver can see. As well as 
current, voltage, power for the array, battery and motor, it 
shows speed and motor temperature. 
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Taking it off is not difficult, as this photo shows. Four 
people can easily lift it — it’s unwieldy rather than heavy. 


Solar cells have a non-linear current-voltage (IV) curve. 
That means that the solar cells will operate best at a particu- 
lar voltage, The position and shape of the curves changes 
dramatically with changing light conditions. By contrast, 
the battery voltage varies according to its state of charge. 
Therefore to get the maximum output from the solar array, 
separate MPPTs are connected to each solar panel, The 
MPPT is a boost converter which attempts to find the solar 
panel’s maximum power voltage (Vmp) and perform a volt- 
age conversion from that voltage to the battery voltage. 

The MPPTs for the Sunswift are partly home-grown and 
partly outsourced. The power section was manufactured 
by the University in Biel, Switzerland, who sell MPPTs to 
other solar car teams. The control section is home-grown, 
based around a microcontroller and an FPGA (Field Pro- 
grammable Gate Array). The FPGA is required to generate 
the relatively complex timing signals required by the power 
section. The power section uses a soft-switching boost 
converter. “Soft switching” means that there is both zero 
voltage and zero current across and through the transistors 
when they switch. Two Mosfets are required for this topol- 
ogy and a third is required for synchronous rectification. 
As a result, the boost converter is up to 99% efficient. 


i " 

The driver does have rear vision, courtesy of the vide 
camera mounted behind his/her head and an LCD mounted 
inside the vehicle. This photo also shows two battery packs 
and some of the control equipment. 
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The control section measures the input current and 
voltage and output voltage. It runs an inner control loop 
to maintain a given voltage on the solar panel (since the 
voltage doesn’t change nearly as much with changing light 
conditions), and an outer current loop to adjust that voltage 
in order to find the maximum power point. It can adjust 
it by one of several algorithms. The two most well-known 
algorithms are “perturb and observe” (for hill-climbing) and 
“fixed-percentage” which periodically stops the tracker, 
measures the open-circuit voltage and takes a fixed per- 
centage of that to be an estimate of Vmp). 

The control section also connects to the car's CAN net- 
work for telemetry. 


Batteries and microcontrollers 

Sunswift’s batteries consist of 200 prismatic lithium- 
polymer cells. These are wired into modules of five in 
parallel, and 40 of the modules are wired in series to give 
a complete battery pack. This gives a pack which is right 
on the World Solar Challenge's 30kg limit. At 4.1V per cell, 
the battery pack can be charged to 164V and discharged to 
2.7V per cell (108V) when absolutely flat, The pack has a 
capacity 40Ah and can drive the car approximately 300km 
at 100km/h. 

The batteries are connected to a custom-designed battery 
monitoring system. The battery monitoring system is built 
into the same PC boards which form the interconnection 
between the cells. Each PC board has a microcontroller 
which monitors four of the series modules. There 10 mi- 
crocontrollers which communicate with a master via an 
isolated serial bus. The microcontrollers themselves are 
powered via linear regulators from the batteries they are 
measuring. The battery monitoring system is important 
because the cells are not necessarily identical and there- 
fore do not charge and discharge the same way. Cells can 
become out of balance at different states of charge. 


CAN and telemetry 

The car’s telemetry and control system consists of a 
telemetry network and a control bus. The control bus is a 
dedicated link between the driver controls and the motor 


Apart from the tiny driver's pod, the whole surface of the 
vehicle is covered with solar panels. They are specially 
made to be able to fix to curved surfaces and in total are 
worth approximately $150,000 
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The guys assured us they were not being (overly!) sexist 
with “Yael's First Drive” trophy .. . they admitted that just 
about all novice drivers manage to damage tyres while 
they get the hang of controlling the vehicle. 


controller, and is a simple serial RS485 bus. The telem- 
etry uses a CAN network, consisting of a large number of 
microcontroller-based nodes spread throughout the car. 
These nodes have dedicated jobs such as controlling the 
front indicators, measuring the battery/array/motor cur- 
rent and interfacing with the battery monitoring system. 
A CAN network links all these nodes, the MPPTs and the 
motor controller. 

All the data off the network, is sent in packet form by 
wireless ethernet to the support car. The support car can 
also send messages back to the telemetry network for con- 


looking for alternative tyres. 
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Here’s a close-up of one of the battery boxes. Every cell is 
individually monitored to ensure that maximum power is 
available from each one. Some of the connecting buses are 
shown in the photo below (the side of the above photo) and 
a couple of 


the lipol cells are showing signs of expansion. 


> GR. Seine 
A » ` s 


trol, configuration and maintenance purposes. 

The entire network is isolated, giving the system fault 
tolerance. The whole system is decentralised, meaning that 
if one node fails, the rest of the system should continue 
to operate. 

Some of the most interesting CAN nodes in the car are 
follows: 

Negative sum — forms the negative star-point of the bat- 
tery, motor and array. It measures the current from each 
into the star-point using isolated Hall Effect sensors. It 
also measures the battery pack voltage and integrates the 
currents to give amp-hours. This forms the basis of battery 
state of charge estimation. 

GPS — measures the car's position, altitude, etc. This al- 
lows the support car to do a look-up in the course database 
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in order to know exactly how far the car has gone and needs 
to go. This is essential for race strategy. 

Tilt sensor — measures the car's angle up/down relative 
to horizontal. This allows the strategy software to calculate 
how much power the car would be using on a flat road, 
and fit a model so that it is possible to a) work out whether 
the car is using more or less power than it should and b) 
what speed the car should be run at in order to reach the 
destination (the course survey also gives the gradient and 
overall rise). 

One-wire temperature sensors — controls a network of 
1-wire temperature sensors on the solar array. 

MPPT - sends out panel current and voltage, as well as 
several diagnostic values such as heatsink temperature 
and ambient temperature. Is configurable via the network 
(can change the tracking algorithm, perform an IV sweep, 
etc). 

Motor controller - sends out lots of data. The main values 
are the car's speed, motor current, input current (which is 
also measured in the negative sum), motor temperature, 
motor controller temperature, low-voltage bus voltage, etc. 
The motor controller can also be controlled via the network, 
including modification of the cruise-control set point. 

Driver display - a 40x2 character LCD panel allows the 
driver to read whatis going on, including speed. The driver 
also tries to maintain limits on the motor currents in order 
to avoid overheating and loss in efficiency. Furthermore, 
should the wireless link fail, the driver can communicate 
information displayed on the driver display back to the 
support vehicle via CB radio. 

Left-hand-side controls - while the driver's right-hand- 
side controls interface directly with the motor controller via 
RS485, the left hand side controls interface with the CAN 
network and controls the indicators, hazards, horn, etc. 

There are also other miscellaneous electronic devices 
in the car, including the rear vision display and camera 
and CB radio. 

In summary, while the photos in this article show that 
Sunswift is not much different mechanically speaking, from 
many earlier World Solar Challenge vehicles, its overall 
electronics and electric design is fiendishly complex. 

What will the new solar race vehicles bring? SC 


Websites for further information: 
www.sunswift.com 


www.tip.csiro.au/Machines/success/sc.html 
for information on CSIRO motor design. 


www.chuck-wright.com/SolarSprintPV/ 
SolarSprintPV.html for information on solar cells 


www.wsc.org.au/2007 for World Solar Challenge 
technical and event regulations 


www.tritium.com.au/ for information on motor 
controllers 


Acknowledgement: Our thanks to David Snowdon, 
Yael Augarten and other members of the UNSW 


Solar Racing Team for their assistance in the 
preparation of this article. 
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Not too many (any?) hifi systems these days come with a record 
turntable. So what do you do with that collection that's been 
gathering dust since your old faithful died? There’s plenty of 
turntables out there! Just dip into our listing. 


ings just walk around your local hifi store and see the 

bins full of LP reissues and even some new titles. And 
they're not cheap either, with prices frequently level with 
and sometimes above new CDs. 

Maybe you want to wrap your tone arm around the 
Buddy Holly LP, “pressed on 180 grams of virgin vinyl, 
remastered from the original tapes without compression!” 
Just $48 for a singe disc. 

Of course, the happy hunting grounds for vinyl platters 
with a bit of age on them are the charity shops, garage sales 
and school/church fetes. 

Plenty of people these days are spending the odd hour 
or spare day converting their vinyl to CD or MPS tracks 
for use in iPods and similar. With the right software you 
can bring analog recordings back to original quality: no 
clicks, bumps, pops. 

You need a turntable. There are a few options: you may 
have no desire to mix it with eBay to grab a preloved 
turntable from a seller that probably matches the age of 
your LP collection. If you’re in need of some turntables or 
other components of a ‘certain age’ you will be surprised 
at how easy and economical they are to acquire these 
days. Aside from checking around with friends (especially 


[ you had any doubts about the future of LP record- 
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the spouses or partners thereof!) to prise some unwanted 
hardware from their hesitant fingers, the next stop should 
be the used section of hifi retailers. But you may find the 
occasional absence of manuals with used equipment a bit 
of a bind! 

I regularly haunt Len Wallis’ premises in Sydney; the 
pre-owned amps, turntables and tape machines are a joy to 
behold, in excellent working order and very fairly priced. 
Other cities have similar businesses you can scour. 

But if you prefer not to mess with gear ofan indeterminate 
age and go the new route, there is a virtual forest of new 
models out there from prestige manufacturers, as well as 
the majors like Sony and Panasonic. 

New turntables can vary enormously in price, compara- 
ble in the range from a second hand Datsun 120Y to a new 
Merc 200; I’m talking in a range from $400 to $68,000! 

This turntable listing includes units priced below 
$2000. 

There are others ... but if you’re spending in the tens of 
thousands of dollars for a turntable to retrieve the sonic 
glories of yesterday you either need your head read — or 
you should get out more! 

(BTW: the abbreviation MM in the listing stands for 
moving magnet cartridge.) 
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Buying a turntable 


The argument continues: is the reproduction of sound 
from an analog LP superior to that from a digital CD? 

I’m not buying into it other than to say I personally don't 
miss the clicks and bumps from a vinyl LP and I do find 
the quality on the best of CDs far superior to that of top 
LPs. So there. 

But if you want to copy your LP collection to CD and 
you’ve dumped the family record player years ago there is 
no alternative: you will be buying a new or second hand 
turntable. 

Basic turntable construction is just that: pretty basic. 
In the main case there is a motor, a drive system which 
connects the motor to the platter so that it rotates at the 
appropriate speed and usually (though not always) some 
method of selecting that speed. 

Alongside the platter (which itself rotates the records) 
is atone arm which moves over the surface of the record. 
It carries the cartridge which converts into electrical sig- 
nals the miniscule movement of the stylus as it tracks the 
record’s groove and vibrates from side to side in accordance 
with what was recorded in that groove. 

There is usually some method of adjusting the downward 
force the stylus exerts on the record. 
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The best turntable systems can reduce the clicks and 
other noise from the record surface while inferior turntables 
may well exacerbate this. 


Speeds 

33-1/3 RPM (revolutions per minute), 45 RPM and the 
lesser seen (older) 78 RPM are the main ones you will en- 
counter. Let's hope you're not confronted by 16-2/3 RPM 
discs; many older turntables do not handle th is speed! 

Before investing in a turntable, check to see if your am- 
plifier or receiver has “phono” inputs. 

These are inputs with (a) the appropriate sensitivity (usu- 
ally around 5-10mV); (b) the appropriate input impedance 
(around 50kQ) and (c) most importantly, response tailored 
to reverse the equalisation which is applied to records in 
the manufacturing stage. 

If your amplifier or receiver doesn’t have such an input, 
you will have to buy a turntable with inbuilt preamp or buy/ 
build a separate preamp to connect between the turntable 
and your amp/receiver. The output from such a preamp 
(or preamp-equipped turntable) can be fed directly into the 
sound input of your computer for dubbing onto the final 
CD. Many computers only have “mic” inputs — use this in 
the absence of a “line in” input and reduce the gain. 
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Recorded Sound Progress 


A successful and commercially viable method of record- 
ing and reproducing sound was long in coming but it was 
not until 1948 and the arrival of the 12 inch 33-1/3 RPM 
vinyl LP that music quality began to approach that of the 
original performance. 

The earliest recorded sound system dates back to circa 
1500 BC. The mammoth “vocal” statue of Memnon at 
Thebes had the ability to make the sound of a harp string 
every day. 

The early 16th century saw the appearance of barrel 
organs, using rotating cylinders and attached 
pins, driven by clockwork gears that 
reproduced sound. Jacquard's punched 
card system, initially devised 
to weave fabrics in the early 
1800s, became the basis of 
an organ driven by 
bellows, pumping 
air jets through the 
card holes to 
create music. The 
approach was similar 
to the player piano and 
paper rolls that 

many of us grew up with, 

Edouard-Leon Scott de 
Gramophone Martinville in Paris made a 
of 1888 “phonautograph” in 1857 to trace 
sound waves onto a carbonised cylinder witha stylus attached 
to a diaphragm that vibrated from spoken sounds. The device 
did not record the sound, only a graphical image of sound. 

In 1877 Charles Cros described a phonograph device but 
never built a model. Edison was seeking to improve the 
telephone in 1877 when he discovered the recording device 
known as the phonograph. In the same year Edison recorded 
a human voice speaking “Mary had a little lamb” onto the 
first phonograph using a tinfoil cylinder. Playing time was 
about 2-3 minutes. Early materials used for the cylinders 
were lead and wax. 

The Graphophone (as distinct from Gramophone) was 
patented in 1885, using wax-coated cylinders incised with 
vertical-cut grooves. 

Emil Berliner was first with a phonograph — the gramo- 
phone — in 1887 that used a flat disc, a non-wax 
disc engraved with a lateral-cut groove. The 
7-inch (17.5cm) disc was hand-cranked at 
30 RPM with a two minute playing time. 
Berliner was the first to mass-produce hard 
rubber vulcanite copies from a zinc master 
disc, He later used shellac, which was used 
later in pressing the popular 78 RPM 
records that were displaced by vinyl 
LPs only in 1948. The early steel 
styluses tracked at a weight of 
nine ounces (255 grams). 

Magnetic recorders came along 
in 1898, patented by Valdemar Poulsen 
using steel wire. Wire recorders were still in 


Berliner 


Edison tinfoil phonograph 
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use by Australian radio stations in the 1950s. 

Double-sided flat discs were first sold in the early 1900s. 
HMV marketed a complete opera on 40 single-sided discs. 
The Odeon company competed with the Nutcracker Suite 
on four double-sided discs. 

Edison fought back in 1912 with blue celluloid cylinders 
that played for four minutes. Played with a diamond stylus, 
the new cylinder had low surface noise that gave better 
quality than flat discs of the period. However Thomas Alva 
finally conceded victory to the flat disc and began to use 
discs with a surface of plastic, laminated to a 1/4 
inch thickness, similar to Bakelite. 

The bane of careful record collectors was the 
automatic record changer. The average gramo- 
phone, loaded with a dozen LPs could be 
guaranteed to destroy the audio quality 
on those hapless discs in double- 
quick time. The world’s first 
automatic record 


Berliner hand 
Gramophone 


changer was invented by Tasmanian Eric Waterworth, who 
showed it first at the 1927 Sydney Home Show. Due to a 
series of events Waterworth did not profit from the device, 
the patents lapsed and a number of English companies 
manufactured record-changing gramophones with almost all 
of them using the stepped centre spindle — a central feature 
of Waterworth’s design (information from SPAT). 

Vinyl discs were first used in 1929 when RCA began mak- 
ing transcription discs from optical movie soundtracks for 
radio stations to play on air. The same year saw the final 
production run of Ed ison cylinders and discs. 

In 1930, RCA Victor launched the first commercially-avail- 
able vinyl long-playing record, marketed as “Program Tran- 
scription” discs, These revolutionary discs were designed 
for playback at 33'RPM and pressed on a 30cm-diameter 
flexible plastic disc 

Many 78s were not recorded 
at exactly 78 RPM: speeds of 
between 72 and 85 RPM were 
quite common. A standard speed was 
not decided upon until around 1930. 
Up until then, record and replay 
speeds were pretty much subject 
to the left to the fancy of the vari- 
ous record companies; in fact, speeds 

ranged anywhere from 60 to 130 
RPM. The majority of records, as 
it worked out, played quite suc- 
cessfully at speeds that ran from 72 
to 82 RPM. 
Some examples: Edison and Diamond Discs 


siliconchip.com.au 


LEN WALLIS AUDIO 
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the futuristic turntable used in 
the movie A Clockwork Orange 
— a forerunner of the current 

| Michell range. While the 

| 

| 


Any technology which not only continues to exist a 
quarter of a century after it has been ‘superseded’, but 
which, in some markets, now outsells the product that 
superseded it must have a lot going for it.* When CD 

was released in Australia in 1983 it was expected to spell 
the death of the turntable — despite protests by specialty 
retailers and audiophiles that the humble LP still sounded 
considerably more musical than CD. Almost 25 years later 


design may have toned down 
a little, they are still visually 
unique. Like many high quality 
turntables, not only is the 


and turntables continue to sell, and continue to find new choice of cartridge left up 
markets among a younger music loving audience. to the individual, but so is choice of tonearm. At Len 

ae , Wallis Audio we carry both the GryoDec SE ($2,899) 
Also fascinating is that there are still new turntable and the Orbe SE ($6,699). 


companies starting up. One such company is US based 
Music Hall, marketing a small range of quality, yet well 
priced, turntables originating from Europe. Even the 
baby of the range, the MMF 2.1 selling for $599, sounds 
delightful. Music Hall has released six models in all, the 
most expensive selling for $2,995. All turntables come 
complete with appropriate cartridges, which is part of 
their value. Music Hall has had the foresight to match 
each tonearm with a cartridge that is not only relevant in 


The continuing interest in 

vinyl has led to a market in 
quality stand-alone phono 
pre-amplifiers. This has 
happened for two reasons. 
Firstly, many amplifiers today 
have deleted the phono stage 
in their amplifiers, which means 


terms of quality, but cartridges that work well with these that in order to play your vinyl 
arms. Much of the quality of any turntable is the marriage you will need an outboard device. Secondly, it is obvious 
of the arm and cartridge -- marrying a good quality that those embracing vinyl today are interested in quality 
cartridge to a good quality arm does not necessary of performance, and there can be no doubt that many of 
give the desired result. today's amplifiers that do incorporate a basic phono stage 


are using the cheapest available. We now carry outboard 


There is also a continuing phono stages from QED, NAD, Musical Fidelity, Perreaux 


market for higher quality and Black Box 

turntables, and here we fall 

back on a very old and well + it has been reported that for the first time in history, 

respected manufacturer out turntables outsold CD players in the UK last year. 

of the UK. Michell have been 

producing turntables for CUSTOM 

e ELECTRONIC 

decades. Many will recall mm: & 
INSTALLATION 
ASSOCIATION 

Mamber 


64 Burns Boy Road lane Cove NSW 2066 © Ph 102) 9427 6755 Fx 102] 9427 2490 
ABN 40 001 592 383 e salesBlenwallisaudio com cu 


www.lenwallisaudio.com.au 
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play at 80 RPM. Early Pathé 
discs run at 100 RPM. It 
was rare that a ‘78 RPM’ 
record actually played at 

a true 78 RPM, 

All of these will track 
happily at 4-5 grams, the 
optimum weight given the 
groove-wall geometry/dynamics of the 78. 

The first magnetic tape recorder was built in Germany by 
Dr. Fritz Pfleumer and AEG/Telefunken in 1931; BASF/AEG 
made the tape. This recorder was publicly demonstrated in 
Berlin in 1935. This invention became the foundation of the 
US Ampex corporation (see Ampex and Germany). 

Ampex gota leg up thanks to an enterprising US engineer 
and the end of WW2. (See AMPEX and Germany). 

1948: Columbia introduced the first 12-inch 33-1/3 RPM 
micro-groove LP vinyl record with 23 minutes per side ca- 
pacity. Tracking weights of 5-8 grams were common. 

1949: RCA Victor introduced 
the 7 inch 45 RPM micro-groove 
“Extended Play” vinylite | © 
record and player. . 

1953: Elvis Presley ~ 
made his first recording 
on disc at the Sun Stu- 
dio of Sam Phillips in 
Memphis; the second 
recording by Elvis at 
Sun a year later was 
taped on two Ampex 
350 recorders, 

1956: the Chrysler Impe- 
rial 16-2/3 RPM record 
player with 7-inch ultra 
microgroove records ap- 
peared. 

1958: world standard 
for stereo records estab- 


j 
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RCA Victor Phonograph 
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e Learn how engine management systems work 


e Build projects to control nitrous, fuel injection and turbo 


boost systems 


e Switch devices on and off on the basis of signal frequency, 


temperature and voltage 


e Build test instruments to check fuel injector duty cycle, fuel mixture and 


brake and coolant temperatures 


Order by phoning (02) 9939 3295 € quoting your credit card number; 
or fax the details to (02) 9939 2648; or mail your order with cheque or credit 
card details to Silicon Chip Publications, PO Box 139, Collaroy, NSW 2097. 


Mail order prices: Aust. $422.50 (incl. GST & P&P); Overseas: $426.00 via airmail. 
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lished and first stereo 
LPs sold. 
1963: Philips 
demonstrated its first 
compact audio cassette 
using 
high quality BASF 
polyester 1/8 inch tape 
that ran at 1-7/8 inches/second. 

1966: US cars were equipped with 8-track stereo cartridge 
tape players made by the Lear Jet Corporation. 

1969: Dolby Noise Reduction introduced. 

1971: quadraphonic records were announced, recording 
four separate sound signals. This was achieved on the two 
stereo channels by electronic matrixing, where the additional 
channels were combined into the main signal. 

1982: first digital audio 12.5cm CD discs marketed by 
Sony and Philips. The maximum playing time would be 74 
minutes, long enough to hold Beethoven’s 9th Symphony. 

1987: Digital Audio Tape (DAT) players introduced. It 
was recently announced that production of DAT recorders 
is to end. 

1999: Sony and Philips launch Super Audio CDs (SACD) 
delivering two channel stereo and (optionally) a5.1 channel 
surround mix. 

2000; DVD-Audio discs appeared, offer- 
ing reproduction of up to 7.1 channels. 

2001: Apple’s iPod, using a minuscule 
internal hard drive, is on the market. 
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Frequency Spectrum 
Power Supplies Oscilloscopes RF Generators Counters Analysers 


HAMEG Instruments have always been recognised for the consistent quality and no- 
compromise value of German engineering. And now the news is even better! With more new 
products, an attractive educational discount scheme and lower prices for 2007 you owe it to 
yourself to find out more. Call us please on 1-300-853-4007 

RIO Ñ 


Smartcal 


HAMEL 


instruments 


Test Equipment: Sales, Service and Calibration 1-300-853-407 www.triosmartcal.com.au 


This remarkable collection of PDFs covers every issue of R & H, as it was known from 
the beginning (April 1939 — price sixpence!) right through to the final edition of R, TV &H 
in March 1965, before it disappeared forever with the change of name to EA. 

For the first time ever, complete and in one handy DVD, every article and every issue 
is covered. 

If you're an old timer (or even young timer!) into vintage radio, it doesn’t get much more 
vintage than this. If you're a student of history, this archive gives an extraordinary insight 
into the amazing breakthroughs made in radio and electronics technology following the 
war years. 

And speaking of the war years, R & H had some of the best propaganda imaginable! 

Even if you're just an electronics dabbler, there's something here to interest you. 


e Every issue individually archived, by month and year 
e Complete with index for each year 
e A must-have for everyone interested in electronics 


oe Please note: this archive is in PDF format on DVD for PC. 
Your computer will need a DVD-ROM or DVD-recorder (not a CD!) 
and Acrobat reader (free download) to enable you to view this archive. 
This DVD is NOT playable through a standard A/V-type DVD player. 


Exclusive to SVUIBON CINP FEP 
HERE'S HOW TO ORDER YOUR COPY: 


BY PHONE:* ep BY FAX:# BY EMAIL:# BY MAIL:4 BY INTERNET:* 
(02) 9939 3295 eS (02) 9939 2648 silchinGsiliconchin.com, an PO Box 139, sillconchip.com.ay 
<=> 9-4 Mon-Fri ==" 24 Hours 7 Days 24 Hours 7 Days Collaroy NSW 2097 24 Hours 7 Days 


* Please have your credit card handy! # Don't forge! to Include your name, address, phone no and cradil card details. ^ You will be prompted tor required intormauan 
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Finding that Stylus 


If you're searching for turntable spares — cartridges, 


styli, etc — one source is Decibel Hifi at www.decibelhifi, 


com.au, 

Another is Soundring. They stock a wide range of record 
player needles, styli and turntable needles, all delivered 
straight to your door. They have online database of over 118 
top brands and models, so you're sure to find the replace- 
ment needle or cartridge you are looking for. 

Some of the brands include Audio Technica, Denon, 
Dual, HMV styli, JVC, Nivico, Ortofon. 

Replacement needles and other hifi accessories: Marantz, 
National-Panasonic-Technics, NEC, Ortofon, Philips, Pio- 
neer, Sansui, Sanyo, Sharp, Shure, Sony, Stanton, Toshiba, 
Yamaha and many more. 

Go to www.soundring.com.au/record-play 

For much of this surprising activity in turntables and 
their essential spares you can thank the DJs that are jazzing 
the young at discos and cafes around the country. 

One company who is very-D] aware is Spank Records 
(www.spankrecords.com.au) who not only sell turntables 
from many well known companies but also deal in head- 
phones, cartridges and styli from Ortofon, Shure, Stanton 
and others. 

For cartridges/styli and a heap more, Amber Electronics 
(www.amberelectronics.com) is a good one-stop shop. The 
cartridge brands include Leda, lo, Europa and The Trib- 
ute. Amber's ‘heap more’ covers preamps and integrated 
amplifiers. 


Amplifiers e 
CD players e 
DACs e 


Sr T Original - AT-2008 
an F ig | 


å 55 
? ’ 
. ~ J 
“nr PP 


e Loudspeakers 
e Cables 
e DIY Parts 


Ming Da - MC-2A3 
"it doesn’t have to cost an arm and a leg 
to enjoy the pleasures of valve audio..." 


Daniel Chin 
0422 753 517 


y] COEM Audio Australia ha 
© www.coemaudio.com.au © 
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John Pham 
0431 582 396 


The Turntable Listing: 


N 


Denon DP-29F 
33-1/3, 45 RPM, DC servo motor, belt 
drive, phono equaliser, tone arm and 
MM cartridge. 
Price: $299 


Denon DP-300F 
33-1/3, 45 RPM, DC servo motor, 
fully auto, belt drive with MM 
cartridge and built in preamp. 
Price: $699 


Dual CS415-2 

33-1/3, 45 RPM, DC servo 
motor, belt drive, tone arm 
and MM cartridge, 

Price: $499. 


Dual CS-435-1 \ 
33-1/3, 45 RPM, DC servo motor, 
belt drive, tone arm and MM 
cartridge. 

Price: $649. 


Dual CS-455-1M 

33-1/3, 45, 78 RPM, DC servo 
motor, belt drive, tone arm and 
MM cartridge. 

Price: $799. 


Goldring GR1.2 
33-1/3, 45 RPM, DC servo motor, belt 
drive, tone arm and MM cartridge. 
Price: 
$699. 


Goldring GR2 
33-1/3, 45 RPM, DC servo motor, belt 
drive, tone arm and MM cartridge. 
Price: $1199. 


Outputs 

Note: most turntables in this listing have outputs only for preamps, 
these are of insufficient level and of no help when copying LPs to 
your computer. 

There are some turntables that have an inbuilt pre-amp and line 
level outputs; these can be connected directly to your computer for 
dubbing to the hard drive. 

There are also a couple of budget-priced turntables on sale in 
mainstream retailers. K-Mart has two models, one of which has an 
inbuilt pre-amp. Prices are $49 and $69. 

There is also the Optimus LAB1100 turntable and pre-amplifier 
combo from Dick Smith Electronics. At $98 it's certainly priced 
right, 

Also of note are two Stanton models that have a digital output. 


Moth ALAMO1 
33-1/3, 45 RPM, synchronous AC 
servo motor, belt drive, tone arm, 
no cartridge. 
Price: $715. 


Moth ALAMOX 
33-1/3, 45 RPM, synchronous AC 
servo motor, belt drive, tone arm, 
no cartridge. 
Price: $935. 


NAD C555 
33-1/3, 45 RPM, AC motor, belt 
drive, tone arm and MM 
cartridge. 

Price: $799. 


Optimus LAB1100 

33-1/3, 45 RPM, DC servo motor, 
belt drive, inbuilt pre-amp, 

tone arm and MM cartridge. 
Price: $98. 


Panasonic Technics 
SL-BD20 

33-1/3, 45 RPM, DC servo 
motor, belt drive, tone arm and 
MM cartridge. 

Price: $279. 


Vinyl spoken here! 


Australia’s turntable specialists 


New and used turntables, tonearms, phono cartridges & 
styli, vinyl record cleaning products, alignment tools, test 
LP, stylus pressure gauges, upgrades for turntables & 
tonearms, phono preamplifiers, accessories, turntable belts, 
turntable parts, repairs & set up, cartridge re-tipping. 
Brands include Linn, Origin Live, Pro-Ject, Rek-O-Kut, 
Rega, Graham Slee Projects, The Cartridge Man, The Disc 
Doctor, Garrott, Ortofon, Audio Technica, Moth, Loricraft. 


Also distributing Jordan loudspeaker drivers and kits, and 
Sonic Impact T-amp products. 


SPECIAL OFFER 
for SILICON CHIP readers 
This CANRONG CRB-S digital 
stylus pressure gauge normally 
sells on our website for $93.50. 


Now just $71.50. Use code SC5 in 
the Customer Instructions when placing your order on the website 


WWW ecibelhifi „COM. au 
Phone 07 3344 5756 or Email enquiry@decibelhifi.com.au 


0 
Copyright 

Copyright, especially in Australia, can be a legal mine- 
field. 

Take a look at www.copyright.org.au and see if the situ- 
ation worries you enough to deter you from copying your 
old analog material — in fact, copying any material, 

In the US the copyright laws permit the making of one 
copy of an original for personal use. In Australia no such 
provision exists. Here it is illegal to make any type of copy 
of recorded music without the permission of the copyright 
owner — and that permission is rarely, if ever, given — espe- 
cially without paying some form of licence fee. 

The key points: 

e There is no general right for individuals to copy recorded 
music, even from a record or GD you own and even if you 
want to use it on another form of “player” (eg, copying to 
an MP3 player or, as we are discussing here, copying old 
records to CDs). = 

e There is no general right to copy copyright material for 
personal use under Australian law. 

e Ownership of a physical item (such as a CD) does not 
give you the right to make copies (including copying into 
a digital or other format). 

e There is no general right to copy recorded music from 
the internet without the copyright owners' permission. 

The reality is that thousands of people make copies of 
records and CDs for personal use every day of the year. 

In moral and legal terms, it would be foolish to make cop- 
ies for resale — or for gift-giving to another person. 

Much more information awaits at www.copyright.org. 


au/PDF/InfoSheets/G070.pdf 
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Turntable with USB output 


An easier approach 
could be the ION ITT 
USB Turntable, the 
world's first USB turn- 
table. It allows you to 
convert a vinyl collec- 
tion directly to CD or 
(even MP3) with the 
included recording 
software, It is a ‘must 
have’ for people who 
don't want to deal with clumsy adapters or mismatched 
audio formats. 

The ION USB turntable includes Audacity software for 
Win/Mac for recording as well as a trial of Bias Soundsoap 
2 for cleaning and restoring LPs. 

If you've got a stack of old 45s, 33s or even 78s, you 
can now convert them to digital with this belt drive turn- 
table. 

As well as the USB output it has a line level output for 
connecting to any home stereo with CD or auxiliary (AUX) 
inputs, via the stereo RCA outputs; it also has a 3.5mm 
stereo input so you can take a feed from a stereo cassette 
machine. It is compatible with any software that supports 
USB audio input sound cards so you can convert your vinyl 
into WAV, WMV, AIFF and MP3s. 

Includes a USB cable and pre-mounted cartridge with 
stylus and adjustable anti-skating control; a 45 RPM disc 
adaptor is in the kit. The turntable weighs 6 kg. 

While the turntable has only 33-1/3 and 45 RM speeds 
the included software can be used to convert 33-1/3 RPM 
transfers to 78 RPM. Another trick: replay 33-1/3 RPM 
discs at 45 RP for the dub: whilst saving time, these speed 
conversions possibly compromises the quality. In the case 
of the 78 RPM trick, the LP stylus is certainly the wrong 
profile for the old 78 shellac grooves. 

System requirements: Windows 98, 2000, or XP; Mac 
running OS9 or greater including Mac Universal. 

Price: $349.00 

1300 761 466 


Do it once. Do tt right. 


Vinyl-to-cigital 
transcription cartridge 


tO fo Cail for free info pack 
OF n www.ortofon.com www.speakerbits.com 03 9647 7000 
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Panasonic Technics 
SL-1200MK2 and 
SL-1210MK2 

33-1/3, 45 RPM, brushless DC 
servo motor, quartz direct drive, 
manual turntable. 

Price: $999. 


Panasonic Technics 
SL-1210M5G 

33-1/3, 45 RPM, brushless DC 
servo motor, quartz direct drive, 
manual turntable. 

Price: $1299. 


Panasonic Technics 
SL-1200MK5 and 
SL-1210MK5 

33-1/3, 45 RPM, brushless DC 
servo motor, quartz direct drive, 
manual turntable. 

Price: $1099. 


Pioneer PL-990 
33-1/3, 45 RPM, DC servo 
motor, belt drive, phono 
equaliser, tone arm and 
MM cartridge. 

Price: $349. 


Pro-Ject Debut Ill 
33-1/3, 45 RPM, synchronous 
AC motor, belt drive, tone 
arm and MM cartridge. 
Price: $399. 


Pro-Ject Debut Ill Phono SB 
33-1/3, 45, 78 RPM, synchronous 
AC motor, electronic speed 

control, belt drive, preamp, 

tone arm and MM cartridge. 
Price: $599. 


Pro-Ject Xpression MK Il 
33-1/3, 45 RPM, suspended 
synchronous AC motor, 
electronic speed control, 
belt drive, tone arm. 

Price: $599. 


Pro-Ject RPM5 

33-1/3, 45 RPM, synchronous 
AC motor, belt drive, tone arm. 
Price: $849. 


Theysnave 


Pro-Ject RPM 6.1 SB 
33-1/3, 45, RPM, synchronous 
AC motor, electronic speed 
control, belt drive, tone arm. 
Price: $1199. 


UU 


ki 


Off grid power for measurement, transportation! 
security and telecommunications industries 


Generate electricity without combustion, without sunlight or wind, 
without pollution. Fuel cells are small, lightweight and portable, quiet, 
have no major moving parts and require no maintenance. They have an 
expected operational life exceeding 8000 hours of run time. 

5 litre and 10 litre fuel cartridges are available. For example, an off-grid 
video camera will operate for up to 8 weeks on a single 10 litre fuel cartridge. 


Technical data 
Model 600 1200 1600 


Pro-Ject RPM 9 
33-1/3, 45 RPM, separate 
synchronous AC motor, 
perimeter belt drive, electronic 
speed control, tone arm. 
Price $1999. 


Rega P1 Charging capacity 600Wh/day 1200Wh/day  1600Wh/day 

RB100 tone arm and Ortofon 50Ah/day 100Ah/day 130Ah/day 

OM53 moving magnet Nominal Voltage * Ve. say 12V 

cartridge. . 24V available on request 

Price: $599. Nominal Power 25W 50W 65W 
Nominal Current 2.1A 4.2A 5.4A 
Fuel consumption 1.1 litres per kWh. 1.3 litres per 100Ah 
Weight 7.3kg 7.5kg 7.6kg 
Dimensions (Lx W x H) 435mm x 200mm x 276mm 

Rega P2 Batteries 40 to 200AH recommended 


RB250 tonearm, stabilised 
22mm platter, high quality main 
bearing, 

Price: $799. 


O 100% availability 
Maintenance free and absolutely reliable. Even under extreme climate 
conditions it ensures 100% availability of your equipment. This is a 
decisive advantage, especially in hard-to-reach areas or with critical 
applications such as observation posts. 

O Fully automatic 
Automatic charge control, continuously monitors battery status as it 
powers your electrical equipment, If the battery's voltage sinks below the 
level pre-programmed by the user, the fuel cell activates, charges the 
battery, and then automatically shuts itself off. And it does so without any 
user intervention. | 

@ Remote Control T 
Each tuel cell can be connected by an interface adapter to any RS232 >» i 

ih interface and serviced/monitored using a cellphone, laptop or is from ¡EN 
office. ; 

© Theft Prof its ifi 0 Y, 

Solar cells need to be placed out inthe | open where it is diffi ihe er 
them against theft and vandalism. The compac act sell can be integrated 

eu Battin? 
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Rek-0-Kut Rondine Jnr 
33-1/3, 45. 78 RPM with pitch 
control, belt drive, tone arm, MM 
phono cartridge with LP and 78 
styli. Price: $594 


Rek-0-Kut Vintage 
33-1/3, 45. 78 RPM with pitch 
control, belt drive, tone arm, 
auto-return. 

Price: $770. 


Contact: Siomar Battery Industries 
Ph: (08) 9302 5444 Email: mark siomar.com 
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Professional AM-FM Monitor Receivers 


A = 
RM R-01 Complete Broadcast Studio Off-Air 
Monitor Receiver System with 


Composite Output, Audio Distribution and Alarms 


es 


Ea 
RRR-01 Versatile AM-FM Receiver 
240 V AC and 12 V DC Operation 
Composite Output - Re-Broadcast - MATV Systems 
Tunnel Repeaters - Radio News Rooms - Pre Select 
up to 32 Mixed AM - FM Stations via RS-485 Control 
Optional Model PSS-01 Wired Controller Available 
Ideal AM Receiver for use in Remote Locations 


PMA ate 
SCAN ALAS TOA RECEA D 


S M R-01 Scanning Monitor Receiver 


Monitoring of up to 8 Mixed Remote 
AM - FM Services - Failure Report by FAX 


For Details and Price, please contact us at 

ELAN Phone 08 9277 3500 
AUDIO Fax 089478 2266 

2 Steel Court. South Guildford email sales@elan.com.au 

Western Australia 6055 www.elan.com.au 


Cleaning 


Possibly the most critical factor in getting the best out of 
early analog recordings — especially disc, to a lesser degree 
tape — is getting rid of the cause of a lot of the noise and 
other garbage from the record surface: dust. 

And that means cleaning both the media and the ma- 
chines that play them. 

In the heyday of vinyl records, no self-respecting audi- 
ophile would puta disc on the turntable without ensuring 
both were clean: the turntable platter with a dust brush 
and the disc itself with one of a variety of dust collectors 
designed for the purpose. Such things are still available 
today but you may have to search for them! 

For really dirty recordings, by all means use appropriate 
methods to clean vinyls and tapes but watch out for shel- 
lac or acetate records — alcohol will destroy these — so use 
water-based compounds. 

First of all, clean the mat of your turntable. 

If a “78” is cracked at the edges, avoid wetting it with 
anything: some 78s have a centre of fibrous material which 
expands when wet and shatters the record. 

Vinyls can be safely cleaned with distilled water, al- 
though grime will possibly be removed only by the use of 
proprietary fluids. 

A whole list of excellent cleaning approaches can be 
accessed at Decibel Hi Fi (www.decibelhifi.com.au). 

Or you can go to www.screensound,gov.au and follow 
the “Preservation” link, 
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Rek-0-Kut CVS14 

Fully manual 33/45/78 RPM turn- 
table with a continuously variable 
and calibrated “78” range of from 
62 to 94 RPM, high-torque direct- 
drive motor, tone arm, can play up 
to 14-inch records. 
Price: $990. 


Rek-0-Kut CVS16 

Fully manual 33/45/78 RPM turn- 
table with a continuously variable 
and calibrated “78” range of 
from 62 to 94 RPM, high-torque 
direct-drive motor, tone arm, 

can play up to 16-inch records. 
Price: $1210. 


Rek-0-Kut Rondine 3 
33-1/3, 45, 78 RPM, and 9 other 
speeds for vintage discs and half 
speed mastering, DC motor, belt 
drive, electronic power supply, 
Delrin platter, audiophile quality 
tone arm. 

Price: $1980. 


Sony PSLX250H 
33-1/3, 45 RPM, DC servo motor, 
belt drive, inbuilt pre-amp, MM 
cartridge. 

Price: $299. 


Stanton STR8.150 
33-1/3, 45, 78 RPM, DC servo 
motor, direct drive, inbuilt 
pre-amp, digital output, tone arm 
and MM cartridge. 
Price: $1,099. 


Stanton 1.120 

33-1/3, 45, 78 RPM, DC servo 
motor, direct drive, inbuilt 
preamp, digital output, tone arm 
and MM cartridge. 

Price: $949, 


Stanton T.80 

33-1/3, 45, 78 RPM, DC servo 
motor, direct drive, inbuilt 
pre-amp, tone arm and MM 
cartridge. 

Price: $699. 


| 


Stanton T.60 

33-1/3, 45 RPM, DC servo 
motor, direct drive, inbuilt 
pre-amp, tone arm and MM 
cartridge. 

Price: $399. 


Thorens TD-170 

33-1/3, 45, 78 RPM, DC servo 
motor, belt drive, tone arm and 
Ortofon OMB10 MM cartridge, 
fully automatic. 

Price: $649. 


Thorens TD-170 Phono 
33-1/3, 45, 78 RPM, DC servo 
motor, belt drive, tone arm 
and MM cartridge and phono 
stage, fully automatic. 

Price: $725. 


Thorens TD-190 

33-1/3, 45, 78 RPM, DC servo 
motor, belt drive, tone arm and 
Ortofon OMB10 MM cartridge, 
heavier platter, fully automatic. 
Price: $799. 


Thorens TD-240 

33-1/3, 45, 78 RPM, DC servo 
motor, belt drive, tone arm 
and Audio Technica AT95E 
MM cartridge, fully automatic. 
Price: $995. 


Thorens TD-295 MKIV 
33-1/3, 45, DC servo motor, 
belt drive, rigid tone arm and 
Audio Technica AT95E MM 
cartridge, heavier platter and 
plinth. 

Price: $1149. 


NEXT MONTH: We'll look at some 
of the software available to assist 


you in cleaning up old records and 
review one outstanding package! 


ELECTRON ICS 
SUPERMAN 
JWANTED 


OK, let's not be sexist. 
Electronic Superwomen may also apply. 


SILICON CHIP, Australia’s only electronics magazine 
for the professional, technician and hobbyist, 
is looking for an experienced electronics 
all-rounder to join the editorial team. 


You will definitely need the following: 

+ A much-better-than-average writing ability. 

e A much-better-than-average knowledge of 
electronics, technology, computers etal... 

+ Most importantly, the ability to marry the two of 
these criteria — ie, write about electronics, 
technology, computers and so on in language that 
is both easy-to-read and easy-to-understand! 

The following would be well regarded: 

Experience in the real world of technology. 
Intimate knowledge of computers/computer 
operation/networking/applications/etc. 
Web page design and construction. 
Magazine/publishing experience {inc sub-editing). 
And you must... 
e Know where to use apostrophes! 


This position is permanent, with good prospects for 
future advancement/responsibility for the right person. 
Location is at Brookvale (Sydney Northern Beaches). 


Interested? 

In the first instance, send your CV to: 

Leo Simpson, Publisher, 

SILICON CHIP, PO Box 139, Collaroy NSW 2097 
or email editor@siliconchip.com.au 
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BENCHMAR 


Save 30%! 


Month of May only 


Coax Cable 50 Ohm 

Black UV-resistant PVC outer sheath commercial 
grade 50 ohm RG-58C/U communications cable 
which complies with MIL-C-17D ideal for indoor, 
outdoor and mobile installations. W 2092 


90c/m 


Save 20%! 


Month of May only 


Super Low Loss Fig.8 

OFC Speaker Cable 

High conductivity, heavy duty, super 
low loss, 315 strands x 0,12mm.OFC 
cable. Suitable for high to very high 
power installations in quality hi-fi/stereo 
speaker systems, this cable comes in an 
attractive translucent PVC sheath that is 
ultra flexible despite its thickness. 

W 2017 i 


S58, 


rr” 
Pur Y Gaman 


Soldering Iron Tip Cleaner 
Low abrasion spiral-brass for easy 
tip cleaning, with no water required. 
Includes metal holder with non-slip 
rubber base. T 2007 


sA99 


| DSE 


Electronic Digital Calipers 

These stainless steel digital calipers 
feature a 4-digit LCD screen, internal and 
external measuring jaw, depth measuring 
blade, mm & inch measurements, and 
zero setting. Supplied in a foam-lined 
carry case with a battery and detailed 
instructions. Q 1382 


May 
2007 


MPAA) 
Save 15%! 


Month of May only 


Heat-Shrink Tubing Kit 
Assorted colours and lengths of 
pre-cut high flexibility, radiation 
cross-linked military grade 
polyolefin heat-shrink tubing in 

a handy, robust storage case. 
Tubing kit includes 2-Smm, 3mm, 
5mm, 7mm, 10mm, 13mm and 
20mm diameter tubing. W 4200 


516° 


digitor 

18V Rechargeable 
Cordless Drill 

Powerful 18V cordless drill 
with 17 torque settings, 
variable speed, 10mm 
keyless chuck, AC adaptor, 
NiCd battery pack, 4-6 hour 
charging cradle with auto 
cut-off, plus carry case. 

2 year warranty. T 4868 


$2999 


ELECTRON 


DIGITAL CALIPER i 


s29% 


Products also ailable through www.dse.com.au 
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Look what's HOT! 


«Súper Hot Offer 
— Stock Up Now! 


350pc Cable Tie Pack 
A great value way to stock up on 
these popular nylon cable ties. Pack 


a contains 100pcs each of natural and PCB Slot Box With “Tractor Grip” 

poset ewes | coloured 100mm x 2.5mm, 50pcs If you're building a project that's PCB based, these are exactly 
each natural and coloured 200mm x what you need! Made of strong grey ABS plastic, they come 
2.5mm, and 50pc coloured 280mm x complete with case screws and ‘tractor-grip’ board supports 
3.5mm cable ties. H 5064 that mesh with matching grooves on all four sides 


of the case's interior to ensure your PCB stays 
put! PCB not included, Model: GG-04 
Size: 100 x 50 x 40mm H 2876 

Size: 180 x 110 x 60mm 

H 2882 $4.99 SAVE $5 

Size: 145 x B5 x 50mm 

H 2880 $3.99 SAVE 54 


sm 99 $148 


0-30V DC € 5.0A Lab Power Supply 
Regulated DC power supply, 0-30V adjustable 
output with current up to 5A continuous at all 
selectable output voltages. Adjustable current 
limit control (0-54), high and low current front 


oe e panel terminals, solidly built case, thermostat 
o controlled internal cooling fan and overload 
foureur }—— protection. © 1760 


t+ == +— 


$ 


Amazing Price! do mal orders) 
DICKSSMITH 


Ferric Chloride 
Etching Solution 

E 5 Long-lasting ferric chloride 
Continuous pre-drilled copper a E aa compe eee 
SUIBRIOS:On a a jaes : printed circuit boards. 
insulator. Ms similar to the old Mea Supplied in a handy 500ml 


> NIC CHE 
English Veroboard. 310mm ARRAN Eis no-spill bottle of working 


Versa Strip Board 


: _ | 
ESTO ani cule Wee solution, Re-useable at a | e 
RE ; reduced strength. DSE a 

“ois arenes RES 389pc Crimp Terminal Kit 


= This high quality kit 
S 99 S 99 includes a E 599 99 
of crimp-style terminals 
stored in a handy re-usable 
case with 18 compartments. H 5063 
See www.dse.com.au for a full list of the terminals supplied. 
JA DIC MITH 


Promotion from 25/04/07 to /05/07 
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Great savings 


al 
| DSE| 


150-Piece Rotary Accessories 
Contains the most popular rotary ` 
tool sécessories in a freestanding or 
wall‘mountable carry case. Ideal for 
polishing, drilling, grinding, cutting. 
includes grinding wheels,.sanding 
shanks, diamond cutters, carbide 
cutter, HSS cutter, bristle brushes, 
collets, HSS drill bits, mandrels- 

and carbide dressing stones. 


TABS3 


100W Professional Soldering Station 
Ideal for lead-free soldering, this solidly 

built station with all-metal chassis provides. 
adjustable temperature from 200-450°C. 
Energy Saver circuitry, huge 100W power 
for fast heat-up and recovery, ESD safe 
design, maintains tip temperature 
within +/— 3°C; and includes a 1,6mm 
tip plus soldering iron holder. 2260 


GREAT VALUE! 


(a 

| DSE] 

5-Piece Precision Pliers Set 
Spring-loaded micro pliers/nippers 
with well-insulated handles. 

Made from quality stainless steel 
and comes with 90mm cutting 
nippers, 100mm flat-nose, 100mm 
round-nose, 100mm bent-nose and 
100mm long-nose pliers. T 3575 


6/8 Pin Modular 
Crimping Tool 

Cuts and strips cables as well 
as crimping various 6 pin and 
8 pin modular connectors 
including 6P4C (RJ-11), 

6P6C (RJ-12), and 8P (RJ-45) 
varieties. Rugged metal 
construction for accurate 
crimps. T 2920 


$39" 


300mm Stainless 
Steel Ruler 
Hardened stainless 
steel, non-reflective 
surface for easy reading, 


eee d 


RISING 


= 
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Products also 


3 
; double-sided metric/inch 
: i photographically etched Heavy Duty Utility Knife Adjustable Wire Stripper 
Es | blade, lifetime warranty Diecast metal body with Idea! for stripping PVC insulation from wire 
et) for faulty materials. T 6145 rubberised grips, auto 0.5sqmm to ósqmm without damaging the 
Si blade-loading system, conductor. Manual tension adjustment. Stripping 
i supplied with 5pc length adjustable from 
Ed S 99 double-ended Ss 98 approx. 3mm to 25mm. S 99 
mid blades. 1 3617 in-built cable cutter, T 3622 


ailable through www.dse.com.au 


Kit clearance time 


Promotion 


Vader Voice Kit 
Transforms your voice 
to sound like Darth 
Vader. Adjustable 
sound effect rate and 
volume output level 
from the speaker. Incl. 
all components, PCB, 
hardware case speaker 
front panel label, K 3511 


Micro Battery-Protector Kit 
Micro-powered electronic cut-out switch. 
Disconnects load at preset battery voltage. 
Automatically reconnects load when battery 


recharged. Suitable for 4.8V — 12.5V batteries. 


K 3132 $ = 98 


Instrument Display Kit 
Converts the analog instruments in 
your car to a digital display. Ideal for 
fuel gauges, oil pressure gauges and 
temperature gauges. Features an 
alarm output. K 3237 


Weather Satellite Receiver Kit 

2 channel VHF FM receiver dedicated to 
picking up weather satellite signals in the 
137-138MHz band. Supplied all specified 
components, PCB, case and panels. 


IN-STORE NOW! 
Silicon Chip 
Magazine 


Get your copy every 
month from your local 
Dick Smith Electronics store. 


Ay 


from 25/04/07 to 29/05/07 


“ 7 . . < + . - 


DIC 
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MITH © 


Month of May only 


DSE 
20MHz PIC Microcontrollers 
PIC16F84A-2 29176 


PIC16F628A-I/P Z 9180 
Data included, 


S747 
“SAVE 30% 


PIC Microcontrollers 


| DSE] 


3.5 Digit LCR Multimeter 
Measures inductance, capacitance, 
frequency, resistance, and AC/DC 
currents and volts, Also tests 
‘transistors, continuity and diodes, 
Other handy features include a 
large 2000 count LCD screen, auto 
power off, low battery warning 
and an over-range indication. 
Comes complete with test 

leads and holster. O 1559 


seqgs 


DIC MITH 
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Aluminium LP Storage Case 
Solidly built polished metal LP 
case with carry handle for serious 
collectors or DJs, holds up to 50 
records, lockable, Size: 355mm x 
340mm x 240mm, T 4855 


s4999 


Crescent 
148-Piece Professional Tool Set and Case 

A quality tool set for the serious enthusiast. Incl. 10 x 1/2" drive sockets, 

20 x 1/4" drive sockets, 26 x 3/8" drive sockets, 6 x socket accessories, 

3 x 72 tooth ratchet handles, 2 x pliers, 1 x magnetic bit screwdriver, 

4 x magnetic screwdrivers, 12 x combination wrenches, 

44 x driver bits, 16 x hex keys, all packed in a storage = 

case with handle. Lifetime warranty against faulty 


materials. T 6143 


DICKS MITH 


Anti-Static Wet Wipes 

A convenient pack containing 
100 anti-static lint-free wet wipe 
towelettes, ideal for cleaning 
computer screens (CRT, LCD, 
laptops), plasma and LCD TV 
sL : screens, CD and DVD discs, 

— photocopiers and flatbed 

À « scanners, N 1242 


$838 
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Products also available through www.dse.com.au 


for all! 


SRON — 
DOS 50% off 


Ay all DX2 AC Mains Polyester 
” Capacitors. Month of May only. 


DX2 275V AC Mains Suppressor Capacitors 

X2 for EMI suppression, meets IEC 384-14 specification for 2.5kV. Peak 
Pulse Voltage Test and approved to 3kV Pulse Test. Class X is intended for 
applications where a short circuit will not cause a dangerous shock and is 
generally connected between each line conductor in a piece of equipment. 
Self-healing and high moisture resistant. UL, CSA, VDE, NEMKO, SEMKO, 
DEMKO, FEMKO, SEV certified. CSA and UL approved up to 250V AC. 
0.022uF R 2622 $0.40 SAVE $0.40 

0.033uF R 2624 $0.44 SAVE 50,44 

0,047uF R 2626 $0.40 SAVE $0.40 


0.1uF R 2628 $0.47 SAVE $0.48 

0.15uF R 2629 $0.77 SAVE $0.78 

0.022 uF R 2630 $0.75 SAVE $0.75 Ç 
0.033 uF R 2632 $0.97 SAVE $0.98 f 

0.47uF R 2634 $1.25 SAVE $1.25 rom 


iroda. 


PT-200 Butane 


Powered Blowtorch 
Powerful, heavy-duty butane 
blowtorch with adjustable flame 
for hobby users. Electronic 
ignition, with temperatures up to 
1300°C, and up to 60mins use per 
refill. Internal brass and ceramic 
parts for precision operation. 
Colour may vary. T1101 


$ 99 


SAVE over 50%! 


Month of May only. 
Grab a whole handful! 


DPDT Miniature 
Slide Switch 


Overall size: 23x8x19mm 
Mounting: 2xM2 screw holes 
Lever shank: Brushed aluminium 
Clearance: 12mm 

Cutout: 9x4.5mm 

Rating: 50V DC 500mA 

Initial contact resistance: 
<30mohms Insulation resistance: 
500Mohms @ 500V DC P 7613 


40¢ 


| 
|_DSE) 


Available in-store or through our 64pc Super Hard Bit Set 


These high-quality mirror 
chrome finished hex bits 
are made from super-hard 
S2-grade steel alloy, are 
supplied with a high quality 
combination locking and 
magnetic bit holdez, and 

all the parts are stored in a 
handy plastic carry case 

T 6345 


Direct Sales Division 


Phone: 1300 366 644 (Local call charge) 
Fax: (02) 9642 9155 
Mail: DICK SMITH ELECTRONICS 
Direct Sales Reply Paid 500, 
PO Box 500, Regents Park DC NSW 2143 


53999 
(No stamp required) 


2969 
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Puts By 130 SIMPSON @ PELE SMG 


This new 20W class-A is a refinement of our very 
popular 15W class-A module published in July & 
August 1998. It features ultra-low distortion levels, 
very low noise levels and a greatly simplified power 
supply which improves overall efficiency. Since it 
runs in pure class-A mode, there is no crossover 
distortion at all. 
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The MJL21193 and MJL21194 output transistors are spaced well apart 
and bolted to a large heatsink. The heatsink may look big but it has 

to be that size to safely dissipate around 50W continuously. This view 
shows the lefthand power amplifier module. The righthand module is 
laid out almost as a mirror image. 


HIS UPGRADED CLASS-A ampli- 

fier has been a long time coming. 
Virtually since the original circuit was 
published in July 1998, readers have 
been hankering for more power. Until 
recently, we have resisted because we 
knew that increasing the power output 
would bring a proportional increase 
in overall power consumption which 
was already quite high. 

This is the great drawback of any 
class-A design. While they are beau- 
tifully distortion-free, they dissipate 
the same high power whether they are 
delivering a milliwatt, one watt or full 
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power. And the total power consump- 
tion, and therefore heat dissipation, 
of the previous 15W/Channel Class-A 
Stereo Amplifier was 100 watts. That’s 
quite a lot of power dissipation for not 
very much audio output. 

So how could we increase the power 
output while staying within the origi- 
nal parameters — ie, the original large 
single-sided heatsinks and the 160VA 
toroidal power transformer? The an- 
swer was not simple but essentially 
involved analysing the weaknesses of 
the original design to see if we could 
make worthwhile improvements. 


In the result, we have made quite a 
few minor improvements to the origi- 
nal amplifier module. Together, these 
added up to an overall major improve- 
ment which enabled us to dispense 
with the regulated power supply. 
This makes the overall circuit more 
efficient and means that the amplifier 
can now use some of the power previ- 
ously wasted in the regulated supply. 
That also reduces component cost and 
actually helps reduce distortion in an 
already exceptional design. 

Some of the changes in the design 
are based on ideas and circuits pub- 
lished by the noted audio designer 
Douglas Self and outlined in a number 
of his books (available from the SILICON 
Cup Bookshop). 


All in the same case 


The 15W/Channel Stereo Class-A 
amplifier presented in August 1998 
also featured a separate power supply 
box because hum radiation from the 
power transformer was quite high. 
This new design will feature a shielded 
toroidal transformer which means that 
there is no need for a separate box. We 
will talk more about this aspect in a 
future article. 


Redesigned PC board 


We have completely re-designed the 
PC board so that the two power output 
transistors are spread much further 
apart. Instead of concentrating the 
heat in the centre of the heatsink, it 
spreads the heat over a wider area and 
makes more efficient use of the avail- 
able heatsink area. In fact, while the 
new amplifier module can deliver up 
to 25W (instead of the original 15W), 
the heatsink temperature remains 
about the same as the original design; 
ie, about 30°C above ambient. 

By the way, we must stipulate that 
even though the amplifier can deliver 
up to 25W at the onset of clipping, it 
only provides pure class-A operation 
up to 20W. Beyond this, it is operating 
class AB — still with very low distor- 
tion but not genuine class-A. 

We made this compromise to reduce 
the temperature rise on the heatsinks. 
With sufficient quiescent current to 
ensure class-A operation up to 25W, 
the heatsinks simply became too hot. 

In fact, the new circuit is actually 
slightly more “voltage-efficient” than 
the old one, so that the available output 
voltage from the balanced supply rails 
is greater than before. We will see just 
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AUDIO PRECISION SCTHD-W THD+N(%) vs measured LEVEL(W) 


1 


Fig.1: this graph plots the total harmonic distortion 
(THD) at 1kHz from 100mW to just over 25W. 


AUDIO PRECISION SCTHO-HZ THD+N(%) vs FREQ(Hz) 
1 : 


Fig.3: distortion vs frequency at 10W from 20Hz to 
20kHz (measurement bandwidth 22Hz to 22kHz). 


how these improvements have come 
about as we go through the circuit 
description. 


Performance 

Since many readers will not be famil- 
iar with the original design published 
in July & August 1998, we will pres- 
ent the complete circuit description 
and mention the differences with the 
older design where appropriate. But 
first, let’s talk about performance. 

The distortion of this new design is 
actually lower than the original, amaz- 
ing though that may seem. For those 
who have the original articles and who 
want to make direct comparisons, we 
have produced equivalent distortion 
plots. If you don’t have the original 
articles, you will just have to take 
our word for it that the distortion is 
lower. 
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AUDIO PRECISION SCTHD-HZ THD+N(%) vs FREQ(Hz) 


1 


22Hz - 22KHz BW 


22Hz - BOKHz BW 


Fig.2: the distortion versus frequency at 10W £ 20W into 
an 8-ohm load (measurement bandwidth 22Hz to 80kHz). 


AUDIO PRECISION SCFREQRE AMPL(d8r) vs FREQ(Hz) 
10.000 ? f 


8.0000 


22Hz - 22KHz BW 


Fig.1 shows the total harmonic 
distortion at 1kHz for power levels 
from 100mW up to clipping which 
occurs in excess of 25W, Note that the 
distortion for power levels between 
say 5W and 20W is far below .001% 
and is typically less than .0006% at 
around 10W. 

Similarly, Fig.2 shows the distortion 
versus frequency for power levels of 
10W and 20W into an 8-ohm load, us- 
ing ameasurement bandwidth of 22Hz 
to 80kHz. This is a far more stringent 
test as the distortion for any amplifier, 
even quite good designs, usually rises 
quite markedly at high powers for 
frequencies above 5kHz. But for this 
design, at 10W, the distortion at 20kHz 
is only marginally above that at 1kHz 
and is considerably better across the 
whole spectrum than the older design. 
At 20W, the new design has about half 


100k 200k 


Fig.4: the frequency response is ruler flat over the audible 
frequency range, with -3dB points at 1.5Hz and 190kHz. 


the distortion of the original design at 
15W and that is right across the spec- 
trum, not just at one frequency! 

Fig.3 is included largely as a matter 
of academic interest and is taken fora 
power output of 10W for frequencies 
from 20Hz to 20kHz but with a band- 
width of 22Hz to 22kHz. Note that this 
means that harmonics above 22kHz 
will be ignored and therefore the dis- 
tortion for signal frequencies above 
10kHz will be artificially attenuated. 
Having said that, the distortion levels 
shown on Fig.3 are less than half that 
for the equivalent distortion plot (also 
Fig.3) in the July 1998 article. 

Frequency response is ruler flat, as 
shown in Fig.4. It is -1dB at 90Hz and 
-3dB at 1.5Hz and 190kHz. This is a 
much wider frequency response than 
the original design and comes about 
because we have used much gentler 
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Parts List 


1 PC board coded 01105071 
(“left”) or 01105072 (“right”), 
146mm x 80mm 

2 Micro-U TO-220 heatsinks 
(Altronics H-0630, Jaycar HH- 
8502) 

3 TO-126 heatsink pads 
(Altronics H-7230) 

2 TO-3P heatsink pads (Farnell 
936-753 recommended, see 
text in Pt.2) 

1 diecast heatsink, 300 x 75 x 
49mm (W x H x D) (Altronics 
H-0545) 

1 PC-mount RCA socket 

2 M3 x 10mm tapped spacers 

2 M3 x 6mm pan head screws 

2 M3 x 10mm pan head screw 

2 M3 x 20mm pan head screws 

6 M3 flat washers 

4 M3 nuts 

5 M4 x 10mm screws 

5 M4 flat washers 

5 M4 shakeproof washers 

5 M4 nuts 

5 6.3mm single-ended chassis- 
mount spade lugs (Jaycar 
PT-4910) 

4 M205 fuse clips (F1 & F2) 

2 3A M205 slow-blow fuses 

1 11.8mm or 13.8mm ID bobbin 
(Altronics L-5305) 

1 2-metre length of 1mm-diameter 
enamelled copper wire 

0.7mm diameter tinned copper 
wire for links 

1 1kQ 25-turn trimpot (Altronics 
R-2376A, Jaycar RT-4644) 


Semiconductors 

2 2SA970 low-noise PNP 
transistors (Q1 & Q2) (avail- 
able from www.futurlec.com) 

4 BC546 NPN transistors (Q3, 
Q4, Q8 & Q9) 

3 BC556 PNP transistors (Q5- Q7) 


filtering at the input of the amplifier. 
We will describe the reasoning behind 
this later in the article. 

Residual noise measurements have 
also improved. Unweighted signal-to- 
noise ratio with respect to 20W into 
80 is -115dB while the A-weighted 
figure is -118dB. 

Even though those noise figures are 
highly creditable, they are not low 
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2 BD139 NPN transistors (Q10 € 
Q11) (Farnell 955-6052) 

1 BD140 PNP transistor (Q13) 
(Farnell 955-6060) 

1 MJL21193 PNP transistor 
(Q12) (Jaycar ZT-2227, Farnell 
955-5781) 

1 MJL21194 NPN transistor 
(Q14) (Jaycar ZT-2228, Farnell 
955-5790) 

2 1N4148 diodes (D1, D2) 


Capacitors 

1 1000uF 35V PC electrolytic 

2 470uF 35V PC electrolytic 

4 47uF 25V PC electrolytic 

1 220uF 25V PC electrolytic 

1 820pF 50V ceramic disc 

1 100pF 50V NPO ceramic disc 
(Jaycar RC-5324) 

4 100nF metallised polyester (MKT) 

1 150nF 250VAC metallised 
polyester or polypropylene 
(Farnell 121-5452) 


Resistors (0.25W, 1%) 

11MQ 15109 

4 10kQ 12709 

3 2.2kQ 8 1000 

11k0 3 682 

1 6802 11690 

1 6.802 1W 5% 

1100 1W 5% 

2 0.12 5W 5% wirewound 

2 1.50 5W 5% wirewound (for 
testing) 


Power Supply 

1 PC board coded 01105073, 
134mm x 63mm 

1 16V+16V 160VA magnetically 
shielded toroidal transformer 
(see text in Pt.2). Must include 
15V+15V auxiliary windings to 
power preamp module, if used. 

4 M3 x 10mm tapped spacers 


enough to enable us to accurately 
measure the distortion at low power 
(ie, below 5W). This is because the re- 
sidual noise becomes a significant part 
of the measurement and largely masks 
the actual distortion. We discussed this 
in some detail in the July 1998 article 
and published some noise-averaged 
scope plots of the distortion products 
to demonstrate this mechanism. We 


4 M3 x 6mm pan head screws 

6 M4 x 10mm pan head screws 

6 M4 flat washers 

6 M4 shakeproof washers 

6 M4 nuts 

3 6.3mm single-ended chassis- 
mount spade lugs (Jaycar 
PT-4910) 

3 6.3mm double-ended 45° or 
90° chassis-mount spade lugs 
(Jaycar PT-4905, Altronics 
H-2261) 

Extra heavy-duty hook-up wire 
and spade crimp lugs for low- 
voltage wiring 

Mains connection hardware to 
suit installation 


Semiconductors 

1 KBPC3504 400V 35A bridge 
rectifier (Altronics Z-0091) 

2 3mm red LEDs 


Capacitors 

6 10,000uF 35V or 50V snap-in 
PC-mount electrolytics (max. 
30mm diameter) (Altronics R- 
5601, Farnell 945-2869) 

2 100nF metallised polyester (MKT) 


Resistors 
2 2.2kQ 1W 5% 


Transistor Quality 

To ensure published performance, 
the MJL21193 & MJL21194 power 
transistors must be On Semicon- 
ductor branded parts, while the 
2SA970 low-noise devices must be 
from Toshiba. Be particularly wary 
of counterfeit parts, as reported by 
us in the past. 

We recommend that all other tran- 
sistors be from reputable manu- 
facturers, such as Philips (NXP 
Semiconductors), On Semiconduc- 
tor and ST Microelectronics. This 
applies particularly to the BD139 
& BD140 output drivers. 


hope to feature some equivalent scope 
plots next month. 

For the moment, we can unequivo- 
cally state that this new class-A am- 
plifier module is one of the lowest 
distortion designs ever produced, 
anywhere! 


Circuit description 
Fig.5 shows the full circuit of the 
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Reniormance4G1assAYAmplifiermodule 


Output power: 20W into 89 (pure class-A): see text 
Frequency response: 0dB down at 20Hz; -0.2dB down at 20kHz; -3dB @ 


1.5Hz and 190kHz (Fig.4) 


Input sensitivity: 625mV RMS (for full power into 89) 
Input impedance: ~10kQ 


Rated harmonic distortion: <.002% from 20Hz — 20kHz, typically .0006% 


(Fig.2) 


Signal-to-noise ratio: -115dB unweighted, -118dB A-weighted (with respect 


to 20W into 8Q, 22Hz-22kHz bandwidth) 


Damping factor: 180 at 1kHz 
Stability: unconditional 


new amplifier. While the general con- 
figuration is similar to that used in our 
July 1998 design, very few component 
values are the same. Some of the tran- 
sistors have been changed, the cascode 
stage has been omitted, the biasing 
arrangements for the constant current 
sources (Q5, Q6 & Q7) have been sig- 
nificantly changed and the impedance 
of the input and feedback networks has 
been substantially reduced. 

These changes were made to im- 
prove the residual noise, the power 
supply rejection ratio (PSRR) and the 
voltage efficiency of the amplifier. 

In fact, the only stages which are 
largely unchanged are the Vbe ampli- 
fier (Q10) and the complementary- 
feedback pair (CFP) power output 
stage. So let’s go through the circuit. 

The input signal is coupled via a 
47uF 25V electrolytic capacitor and 
10042 resistor (R2) to the base of tran- 
sistor Q1, one of an input differential 
pair (ie, Q1 & Q2) using Toshiba 
25A970 PNP low-noise transistors. 
The 1008 input resistor and 820pF 
capacitor (C1) constitute a low pass 
filter with a -6dB/octave rolloff above 
190kHz. 

This is a much lower impedance 
network than the previous design, in 
order to provide the lowest impedance 
for the signal source. In fact, a simple 
20k volume control, as used in the 
previous design, will also degrade 
the amplifier's noise performance and 
for that reason we will be presenting 
an active volume control circuit in a 
future issue. 

Both the bias resistor for Q1 and the 
series feedback resistor to the base of 
Q2 are set at 10kQ (instead of 18kQ 
in the original design), again to mini- 
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mise source impedance and thereby, 
Johnson noise. 

The gain of the amplifier is set by the 
ratio of the 10kQ and 5100 feedback 
resistors to a value of 20.6, while the 
low-frequency rolloff(-3dB) ofthe gain 
is set by the 2204F capacitor to 1.4Hz. 
Readers may wonder why we used 
such large electrolytic capacitors in 
the input and feedback networks. The 
answer is that we are acting to elimi- 
nate any effects of capacitor distortion 
in the audio pass-band. 

Readers might also wonder why 
we have not used non-polarised (NP) 
electrolytics for these functions since 
they are normally preferable where 
the capacitor operating voltage is 
extremely low. The answer is that NP 
electrolytics could have been used 
except for their greater bulk and we 
wanted to minimise any extraneous 
signal pickup by physically larger 
capacitors. 

That is one of the unwanted side- 
effects of a much wider frequency 
response —the amplifier is more prone 
to EMI and in the extreme case, to 
supersonic oscillation if the wiring 
details are not duplicated exactly, 

Diodes D1 & D2 are included 
across the 2204F capacitor as insur- 
ance against possible damage if the 
amplifier suffers a fault which pegs 
the output to the -22V rail. In this 
circumstance, the loudspeakers would 
be protected against damage by a 
loudspeaker protection module (to be 
published in a coming month) but the 
220ĻF capacitor would be left to suffer 
the reverse current. We have used two 
diodes here instead of one, to ensure 
that there is no distortion due to the 
non-linear effects of a single diode 


junction at the maximum feedback 
signal level of about 1V peak. 

Most of the voltage gain of the ampli- 
fier is provided by Q9 which is fed via 
emitter follower Q8 from the collector 
of Q1. The emitter follower is used to 
buffer the collector of Q1 to minimise 
non-linearity. Q9 is operated without 
an emitter resistor to maximise gain 
and output voltage swing. 

The collector loads for Q1 & Q2 are 
provided by current mirror transistors 
Q3 & Q4. Similarly, the collector load 
for Q9 is provided by a constant cur- 
rent load comprising transistors Q6 & 
Q7. Interestingly, the base bias voltage 
for constant current source Q5 is also 
set by Q6. Q5 is the constant current 
“tail” for the input differential pair and 
it sets the collector current through 
these transistors. 

The reason for the rather compli- 
cated bias network for Q5, Q6 and Q7 
is to produce a major improvement 
in the power supply rejection ratio 
(PSRR) of the amplifier. Similarly, the 
PSRR is improved by the bypass filter 
network consisting of the 10Q resistor 
and 10004 F 35V capacitor in the nega- 
tive supply rail. 

Why is PSRR so important? Because 
this amplifier runs in class-A, it pulls 
a constant current in excess of 1A 
(actually 1.12A) from the positive and 
negative supply rails. This is a great 
deal higher than the typical quiescent 
current of a class-B amplifier which is 
typically around 20-30mA. 

The result of this is that the 100Hz 
ripple superimposed on the supply 
lines is about 500mV peak-peak, when 
two modules are connected. Hence 
we need a PSRR that is much higher 
than for a typical class-B amplifier. 
That is why we employed a regulated 
power supply for the previous class- 
A design. 

The output signal from voltage am- 
plifier stage Q9 is coupled to driver 
transistors Q11 and Q13 via 1009 
resistors. These protect Q7 and Q9 
in the event of a short circuit to the 
amplifier output which could possibly 
blow these transistors before the fuses 
blow. The 100Q resistors also have a 
secondary function in acting as “stop- 
per” resistors to help prevent parasitic 
oscillation in the output stage. 

As already mentioned, the output 
stage actually uses complementary 
feedback pairs, based on Q11 € Q12 
and Q13 £ Q14. These give a more 
linear performance than the more 
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Here's a preview of the power supply module. It’s driven 
from a bridge rectifier and carries six 10,0001F 35V 
filter capacitors plus two LED circuits to discharge the 


capacitors after switch-off. 


usual Darlington transistor pairs used 
in many push-pull amplifiers. In effect, 
they are connected as feedback pairs 
with 100% current feedback from the 
collector of Q12 to the emitter of Q11 
by virtue of a 0.10 “emitter” resistor. 

To make the CFP concept easier to 
understand, consider Q11 as a stand- 
ard common emitter amplifier with a 
100Q collector load resistor. Q12’s base 
emitter junction is connected across 
this 100Q resistor and so it becomes a 
current amplifier stage and its collec- 
tor load is the common 0.1Q resistor 
which provides the current feedback 
to the emitter of Q11. Because there 
is 100% local feedback, these output 
pairs have unity gain and a very high 
degree of linearity. 

We should also mention the output 
transistors specified for this amplifier. 
They are the MJL21193 and MJL21194 
plastic encapsulated transistors which 
have been featured in quite a few of 
our higher-powered amplifiers over 
the years. They are rated at 250V, 16A 
(30A peak) and 200W, and are clearly 
far more rugged than they need to be 
for an amplifier of this rating. 

We use them here because they are 
among the best complementary power 
transistors for linearity made by any 
manufacturer in the world (originally 
made by Motorola and now sourced 
by On Semiconductor). 

Another circuit change in this new 
module is that we have used a BD139 
and a BD140 as the driver transistors in 
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the complementary feedback pairs in- 
stead of using the lower power BC337 
8 BC327. This was necessary because 
of the higher power dissipation in the 
driver transistors. 


Vbe multiplier stage 

Q10 is the Vbe multiplier and it has 
exactly the same arrangement as in any 
class-B amplifier. A “Vbe multiplier” 
is a temperature-compensated floating 
voltage source and in this case it pro- 
vides about 1.6V between the bases of 
Q11 &Q13. Q10 multiplies the voltage 
between its base and emitter, by the 
ratio of the total resistance between its 
collector and emitter to the resistance 
between its base and emitter. 

In practice, VR1 is not adjusted to 
produce a particular voltage across 
Q10 but to produce the specified qui- 
escent current of 1.12A in the output 
stage. This requires a voltage of 112mV 
across each 0.1Q emitter resistor. In 
practice too, the emitter resistors have 
a 5% tolerance so we average the volt- 
age across each of these resistors at 
112mV. Note: you will need a digital 
multimeter for this adjustment. We 
will have more on this next month. 

An interesting point about Q10 is 
that we have specified a BD139 for 
this task instead ofa much-lower rated 
BC547 or similar transistor which 
would certainly be adequate from the 
point of power dissipation. The reason 
for using the BD139 is that its package 
and junction does a much better job 


of tracking the junction temperature 
of the driver and output transistors 
and thereby gives much better bias 
stability. In fact, Q10 is bolted to the 
same heatsink as driver transistor Q11 
to improve tracking. 

Also included to improve tempera- 
ture compensation is the 16Q resistor 
in the collector circuit of Q10; a small 
point but still worthwhile. 


Output RLC filter 


The remaining circuit feature to be 
discussed is the output RLC filter, com- 
prising a 6.8uH air-cored choke, a 6.8Q 
resistor and 150nF capacitor. This 
output filter was originally produced 
by Neville Thiele and is still the most 
effective output filter for isolating the 
amplifier from any large capacitive re- 
actances in the load, thereby ensuring 
unconditional stability. It also helps 
attenuate any RF signals picked up by 
the loudspeaker leads and stops them 
being fed back to the early stages of the 
amplifier where they could cause RF 
breakthrough. 

Finally, as with any high-quality 
amplifier design, the PC board itself is 
a very critical part of the circuit and 
is major factor in the overall perform- 
ance. Even small deviations in PC lay- 
out can have major deleterious effects 
on the distortion performance. 

That's all for now. In Pt.2, we'll show 
you how to build the matching left and 
right amplifier modules and describe 
the power supply assembly. sc 
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This kit is designed to produce a Pulse 
Width Modulated (PWM) output to vary the 
speed of DC motors or to control resistive 
loads like light bulbs and hot wire foam 
cutters. It can be used with the PCB 
mounted pot supplied with the kit or your 
own external 5K pot. This controller would 


be ideal for use with most of our DC motors. 
>< 4 


Record up to 120 seconds of voice / sound. 
Features include serial recording of 
multiple messages, message retention 
without power and selectable deletion of 
unwanted messages. This module only 
measures 32mm X 18mm X 3.5mm and is 
easy to solder the few connections required | Operational 
to make it work. Data sheet available on our | power supply 


Website only. ( } Only $11. voltage 10VDC - 
36VDG 20A+.[ 


This motor comes with 
a 12mm shaft fitted 
with a 11 tooth 
sprocket, 
36VDC @ 18.3A 
2500RPM, 
Motor Body: 
140mm L X 
107mm D Overall length: 
164mm 3.9KG [ 1$81.75 


1$18.00 


— 


Just solder 2 wires to the pre- 
built circuit board, clip the HS This is a brand new car 
housing together and they are window regulator motor. 
ready to use. Ideal for use in * Starts turning at 0.9V. 
solar lighting systems, 0.9V @0.7A-4rpm. 
caravans, cars, trucks or with 6V @ 1.2A-60rpm. 
other 12 and 24VDC systems. 12V @ 1.7A-120rpm, 
15V @1.9A- 150rpm. 


This system uses 1 X SP10 10W solar panel, 1 X K008B 
solar regulator kit & 1 X PB6 Sealed lead acid battery. 
Ideal for remote locations for lighting, radio or TV etc. 
Simple to connect & simple to install. Locate the panel 


[ 1518.00 facing north in a position of maximum sun exposure. The 
3W/12VDC $5.00 K008B regulator then looks after the vit ae r 
battery automatically, so it does not over charge. Norma 
7W112VDC $6.50 5 price $165.00. Buy all three together for just $ 
11W/12VDC $7.50 For a mean 5 hour solar day the 
11W/24VDC $7.50 battery would receive a charge offi 


3.5AHr's from a 10W solar panel: PM = 
Sufficient to power 1 of the lamps ae 
below for42hrsorSlampsfor8 hrs! WES ® 


[ ]$27 
Check out our website for more DC 


motor bargains. From 100W up to 
500W. With and without gearboxes. 


This little 12V-100KHz sine 
wave inverter will power 
many suitable Neon Tubes. 
With a small modification it 
delivered about 1500V P-P 
{Around 500VRMS) into a 


This great little colour camera will stand on MS 


SW ooo load. The Tai it's own base or clip on to your laptop screen. Y 
output could be rectified & “GRA Features include white LEDs thatturn gs 
connected into a suitable Q 


on automatically when dark, built ing] 
D BE LETHAL!| base and clip, swivel head and USB QU 


storage capacitor. 
O ee cable. (USBC1) $29 


Lasers are not toys. Do not look 
into the beam or it's reflection! IR 
lasers are especially dangerous 
because you can't always see the 
light emitted, At 200mW 
the damage to your eyes 
will be immediate and 
most likely permanent. 
(LM8)$59 


torizontal resolution: 380|This simple inverter kit is designed to power up to 5 of 
lines, 1/3" CMOS Image [these MR16 14V/1W LED lamps from a 12V lighting 
Sensor, Minimum illumination: | transformer or 12V battery. Operating range from 8V - 
3 Lux. Standard PAL Video Output. RCA Connections. | 15V, 3mA @ 12V quiescent, 340mA with 5 lamps. 
Built-in microphone. Includes swivel mount. No Infrared | Delivers a constant voltage to the lamps regardless of 


MW 
As used in the above module. ` LED's. Operates from 7 to 12V DC and draws 30mA. | supply variations. The kit includes PCB, all onboard 
(LD808) $29 Dimensions 25 x 35 x 14mm. Click here for wiring | components inc, pre-wound inductors. This package is 
instruction. (CAM9) $39 designed for use with the above solar system. K248 $49 


Suppliers of kits and surplus electronics to hobbyists, experimenters, industry £ professionals. 


OR www.oatieye.com ] Orders: Ph ( 02 ) 9584 3563, Fax 9584 3561, sales@oatleyelectronics.com, PO Box aypatey NSW 2223 
major credit cards accepted, Post & Pack typically $7 Prices subject to change without notice ACN 068 740 081 ARIM49Dg8 740 081 
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CIRCUIT NOTEBOOK 


Interesting circuit ideas which we have checked but not built and tested. Contributions from 
readers are welcome and will be paid for at standard rates. 


LED pattern flasher 
uses ripple counter 


This circuit uses the pulse out- 
puts of a ripple counter to produce 
various patterns of LED flashing, de- 
pending on which counter outputs 
are selected. IC1 is a CMOS 4060B 
14-stage ripple counter with internal 
oscillator. Two of its outputs are fed 
to separate diode pump circuits to 
drive LED1. As shown, the circuit 
will give a one-two-three, one-two- 
three flash sequence. Additional 
outputs can be connected by dupli- 
cating the circuits shown. 

Referring to diodes D1 & D3, the 
diode coupling circuits work as fol- 
lows. Each time the “8” output of the 
counter goes high, the leading edge 
of the pulse is coupled via a 10uF 
capacitor and diode D3 to LED1. 
When the “8” output goes low, the 
10u4F capacitor is discharged back 
into that output via diode D1, ready 
for the next pulse leading edge. 

If you want to work out the flash- 
ing pattern of the LED, consider 
selected pulse outputs as a sequence 
of binary numbers. For example, 
if two adjacent outputs are used, 


IR remote control tester 
has audible output 


This circuit will enable you to 
check any IR remote control. Typi- 
cal IR remote controls modulate 
the light at around 38-40kHz, 
with the data being encoded in 
2.4ms, 1.2ms and 0.6ms blocks, 
either on or off, which repeat every 
45ms until the button on the remote 
control is released. This circuit does 
not decode the infrared signal but 
gives a visual and audible indica- 
tion that a pulsed infrared signal is 
present. 

In essence, the circuit detects the 
bursts of 40kHz and drives a LED 
for visible indication and a piezo- 
electric transducer for the audible 
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1N4148 
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IC1 generates the following binary 
sequence: 00 01 10 11 00 

This produces one leading edge 
from 00 to 01, another from 01 to 10 
and another from 10 to 11. However, 
there is no leading edge from 11 to 
00. This creates a one-two-three flash 
sequence. 

The flash frequency can be altered 
by changing the timing components 


indication, The design makes use 
of the photoelectric properties of a 
standard IR LED; ie, it can detect as 


O +9-12V 


and is given by the formula f = 1/ 
(2.2 x R1 x C1), which is divided by 
the number of stages of IC1. LED1 
should ideally be an ultra-bright 
LED, while the brightness of the 
flash can be varied by changing the 
capacitor value. The current drain 
is around 3mA. 

Thomas Scarborough, 

Cape Town, South Africa. ($35) 


well as emit infrared light. A further 
benefit is that it is also partly im- 
mune to visible light. 

The IR LED is reverse-biased and 
in the absence of light it will have 
a resistance of several megohms or 
more. When exposed to IR light, 
the resistance drops substantially 
to allow the gate of the 2N7000 FET 
to rise in voltage, turning it on and 
off to light the indicator LED and 
pulse the piezo transducer at the 
same time. 

Incidentally, many web cameras 
and mobile phone cameras will also 
detect IR light from a remote control. 
It shows as a white light, while ever 
a button on the remote is pressed. 

Michael Jeffery, 

Eurobin, Vic. ($30) 
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Slave flash trigger for 


digital cameras 


Many households have upgraded 
their camera equipment from film to 
digital but often there will be an ex- 
ternal flashgun lying around. These 
flashes cannot be used with digital 
cameras, as the trigger voltage of 
around 200V would damage a digital 
camera’s circuitry. And most, if not 
all, digital cameras already have a 
built-in flash. 

However, such a flashgun can be 
used as a slave flash to fill up the 
harsh contrast that the built-in flash 
of typical digital cameras almost 
always produces. This circuit will 
trigger most flashguns and it uses 
readily available parts. 

Phototransistor Q1 (a BPV11 from 
Dick Smith Electronics) receives the 
light trigger signal from the digital 
camera's built-in flash. Q1 drives 
T1, an audio interstage transformer, 
capable of sustaining up to 4mA 
without saturation. The transformer 


dare 
HUGIS 


Available Aust, only. Price: $A13.95 plus $7 p&p per order (includes GST). Just 
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blocks any signal from ambient light 
and couples through the impulse 
signal produced by the light flash. 

The transformer pulse signal is 
clipped by diodes D1 & D2 and 
coupled to the clock input of IC1, 
a 4017 decade counter. This device 
is necessary, since most digital cam- 
eras will pre-flash at least once for 
exposure and red-eye reduction and 
the slave flash would thus trigger 
erroneously. 

IC1 is reset at power-up via diode 
D4 and the 100nF capacitor to the 
+9V supply and so its “QO” output 
will be enabled. Any successive 
flash will advance the count and 
each successive “Q” output will go 
high. For purposes of illustration, 
the circuit shows output “Q2” con- 
nected, assuming that the second 
flash is the one where the camera 
actually exposes the CCD. The ap- 
propriate output should be selected 
to suit the camera’s characteristics. 

The output pulse from IC1 is 
inverted via transistor Q3 and AC- 


ara +9V 
100nF 


= 
` 


2N2222 ZVN4424A 
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coupled to the trigger 
Input 01116244595 
timer configured as 
a monostable with 
a 110ms period. The ; 
monostable's positive-go- Y 
ing pulse does two things. 
First it biases on Mosfet Q3 which 
actually fires the slave flash. Second, 
it applies a reset pulse via diode D5 
to decade counter IC1, setting it to 
zero to await the next flash pulses. 
The circuit can be powered by a 
9V battery and at rest the current 
consumption is quite low, dominat- 
ed mostly by Q1's quiescent current 
produced by the ambient light. 
The phototransistor should be 
installed inside a light shield, such 
as a cardboard or plastic tube 10- 
20mm long with a 10mm diameter 
and painted black on its inside. 
The output transistor can be any 
low-current N-channel Mosfet rated 
for a drain voltage of at least 200V. 
Fernando Garcia, 
Brownsville, Texas, USA. 
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fill in and mail the handy order form in this issue; or fax (02) 9939 2648; or call 
(02) 9939 3295 and quote your credit card number. 
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Cireult Notebook — Continued 


Low dropout regulator 
for battery equipment 


This low drop-out (LDO) 5V reg- 
ulator is better than conventional 
3-terminal regulators in battery- 
powered applications. It consumes 
0.2mA with no load (compared 
with 3-10mA for the 78L05, LM340, 
LM2940, etc), so battery life is ex- 
tended in situations where (say) a 
microcontroller is in standby mode 
most of the time. The battery volt- 
age can drop to as low as 5.3V with 
a 1A load while the output remains 
within 5% of 5V, so 6V batteries can 
be used, even when somewhat flat. 

The key to the low drop-out fea- 
ture is having pass transistor Q4 
arranged so that its relatively high 
base-emitter saturation voltage is not 
in series with the output, only the 
VcE(saty - a mere 0,2V or less because 
the MJE2955 is used well within its 
10A current rating. 

With no load, Q4 is barely on, 
with roughly 0.1mA flowing through 
Q4 and zener diode ZD1 and a 
similar amount through the rest of 
the circuit. We are using the zener 
at a current well below the several 
milliamp test current specified by 
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the manufacturer, so its Vz will be 
less than expected, meaning that the 
output voltage could be less. The 
10kQ trimpot (VR1) can compensate 
for such variations but it helps to try 
a handful of 4.3-5.6V zener diodes 
and select one that gives the desired 
5.0V output when the trimpot is near 
the top (zener end) of its travel. A 
6.8V zener diode (eg, BZX85C6V8) 
is suitable for output voltages of 7.5V 
and above. 


Using a stereo amplifier as a 3-input en 


guitar amplifier 


This add-on mixer circuit was 
incorporated into a Sherwood stereo 
receiver which had lost its radio 
function. It converts the receiver 
into a guitar amplifier with three 
high-impedance inputs and a CD 
input. 

An existing internal 23V power 
supply was used for the mixing 
circuit. Three 6.5mm phone jacks 
needed to be added for the inputs. 

The 2N5485 FET mixes the three 
guitar inputs via the three 3.3MQ re- 
sistors at the gate. A volume control 
(VR1) follows the FET, after which 
the guitar signal is mixed with the 
CD input to the amplifier. 

The original CD input circuitry 
was modified as shown to isolate 
the signals being mixed. Only one 
CD channel was mixed with the 
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guitar signal. The other CD channel 
was similarly modified but using 
slightly different values in order to 
maintain a better balance between 
the two CD channels. By operating 
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A simple form of current limiting 
is controlled by the 50kQ trimpot. 
The circuit can supply up to 3A but 
a very good heatsink is required for 
Q4 and a cooling clip may need to 
be attached to Q2. 

The maximum permissible input 
voltage is 25V, so 24V lead-acid 
batteries may exceed Q3's voltage 
rating. 

Mark Aitchison, 

Christchurch, NZ. ($40) 


1k 


CD INPUT CIRCUITRY 
OF SHERWOOD AMPLIFIER 
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the amplifier with the mono switch 
engaged, all the signals eventually 
get fed to both speakers. 

Jack Holliday, 

Nathan, Qld. ($35) 
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240VAC 


model railways 


This circuit has been designed to 
provide high-quality background 
sounds for small-scale (N or Z 
gauge) model railways where it is 
impracticable to mount speakers in 
the layout or where highly realistic 
sound is sought. 

The circuit's heart is a basic MP3 
player, such as a Creative MuVo, 
which has two entirely different 
soundtracks loaded into its root di- 
rectory in the guise of a stereo pair. 
These tracks could be farm sounds 
and church bells, for example, or 
bird song and timber-mill noises. 
Even small capacity MP3 players 
can run for an hour or more. With 
a REPEAT function, they can run 
indefinitely. 

The analog/headphone outputs of 
the MP3 player are fed via separate 
100kQ level controls to independent 


As you can see, we pay good money 
for each of the “Circuit Notebook” items 
published in SILICON CHIP. But there are 
four more reasons to send in your circuit 
idea. Each month, the best coniribu- 
tion published will entitle the author to 
choose the prize: an _LCR40 LCR meter, 
a DCA55 Semiconductor Component 
Analyser, an ESR60 Equivalent Series 
Resistance Analyser or an SCR100 
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Two-channel background sounds for 


100kQ panning controls which al- 
low each of the two signals to appear 
to originate from either speaker or 
from any position in between. The 
component values shown enable 
channel separation to be varied from 
0 to -20dB. 

After passing through the master 
10kQ ganged volume control, the 
two resulting signals are amplified 
by a TDA2822 dual power amplifier 
which can drive 4-ohm or 8-ohm 
loudspeakers at up to 1W/ channel 
but can also drive active/computer 
speakers, Inserting a pushbutton 
switch in one channel immedi- 
ately before or after the level control 
would enable momentary activation 
of that channel. 

If the MP3 player has a USB 
type-A connector built in, it can 
be powered via a mating connector 


Thyristor & Triac Analyser, with the 
compliments of Peak Electronic Design 
Ltd — see www.peakelec.co.uk 


mounted on the circuit board. Any 
DC voltage from 1.5V to 5V will suit 
many MP3 players but the TDA2822 
requires 5V or more for adequate 
power output. DC power could be 
produced by the circuit shown here 
or obtained from a plugpack. 

If powered speakers are to be used 
then no more than 100mA should 
suffice for both the MP3 player and 
the TDA2822. If passive speakers 
are used, then current requirements 
could total 500mA, depending on 
the supply voltage and speaker 
impedance. 

A 4-channel sound system could 
readily be constructed by doubling 
the number of MP3 players, ampli- 
fiers and speakers. Joysticks could 
then be used to position the sounds 
in two dimensions rather than just 
the linear dimension of a stereo 
set-up. 

Hugh Middleton, 

Lower Hutt, NZ. 


You can either email your idea to 
silchip @siliconchip.com.au or post itto 
PO Box 139, Coliaroy, NSW 2097. 
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Want a regulated voltage that can be adjusted 


to suit your application? This Adjustable 


Power Supply is small, easy to build and can 
be adapted to produce a fully regulated voltage 
ranging from 1.3V to 22V at currents up to 1A. 


By JOHN CLARKE 


HERE ARE MANY fixed-voltage 

IC regulators available and these 
can be had with 5V, 6V 8V, 9V, 12V € 
15V outputs. But what if you want a 
voltage output that does not fit into one 
of the standard ranges or if you want 
to be able to easily adjust this output 
voltage? An adjustable regulator is the 
answer — one that can be set to provide 
the exact voltage you require. 

This Adjustable Power Supply com- 
prises a small PC board that utilises a 
3-terminal regulator. It does not have 
too many other components — in fact, 
there are just three diodes, three capac- 
itors, a resistor and a trimpot to set the 
output voltage from the regulator. 


Circuit details 


Fig.1 shows the circuit details. REG1 
is an LM317T adjustable regulator that 
provides a nominal 1.25V between its 
OUT and ADJ (adjust) terminals. 

We say it is a “nominal 1.25V” be- 
cause, depending on the device, it can 
be anywhere between 1.2V and 1.3V. 
This doesn't really matter though, 
because we can adjust the output 
voltage to the required level using 
the trimpot. 

Note: if you do want a regulator 
that provides a better tolerance for 
the 1.25V reference, then you could 
use an LD1117V instead. This has a 
1.238-1.262V range. However, do not 
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apply more than 15V to the input of 
this regulator. 

The output voltage from REG1 is 
set by the 110Q resistor (R1) between 
the OUT and ADJ terminals and by the 
resistance between the ADJ terminal 
and ground. This works as follows. 

By using a 110% resistor and as- 
suming an exact 1.25V reference, the 
current flow is set at 11.36mA. This 
is calculated by dividing the voltage 
between the OUT and ADJ terminals 
(1.25V) by the 1100 resistor. This cur- 
rent also flows through trimpot VR1. 

This means that if VR1 is say 1kQ, 
then the voltage across this resistor 
will be 1kQ x 11.36mA or 11.36V, 
This voltage is then added to the 1.25V 


1 PC board, code 10105071, 
35 x 38mm 

1 LM317T adjustable 3-terminal 
regulator (REG1) 

3 1N4004 1A diodes (D1-D3) 


2 100uF 25V PC electrolytic 
capacitors (C1,C3) 

1 10uF 25V PC electrolytic 
capacitor (C2) 

1 1109 0.25W 1% resistor (R1) 

1 2kQ horizontal trimpot (VR1) 

4 PC stakes 


reference to derive the output voltage 
— in this case 12.61V. 

In practice, however, the current 
flow out of the ADJ terminal also con- 
tributes slightly to the final output 
voltage. This current is of the order 
of 1001 A. So if VR1 is set to 1kQ, this 
can add 0.1V to the output — le, we 
get 12.71V. 

If you are interested in the output 
voltage equation, then it is: 


Vout = Vrer(1 + R1/R2) + lan] x R2 


where Vour is the output voltage, 
Vrer is the voltage between the OUT 
and ADJ terminals, and Iapy is the 
current out of the ADJ terminal (typi- 
cally 501A but as high as 1004A). R1 
is the resistance between the OUT 
and ADJ terminals, while R2 is the 
resistance between the ADJ terminal 
and ground. 

Diode D1 in series with the input 
provide reverse polarity protection. 
This means that if you connect the 
supply voltage around the wrong way, 
you cannot do any damage. 

Diode D2 protects the regulator 
should the input become shorted to 
ground. If that happens, D2 becomes 
forward biased and conducts, effec- 
tively preventing any reverse current 
flow through REG1 which could cause 
damage. 

D3 is also included to protect REG1. 
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Fig.1: the circuit is based on an LM317T adjustable voltage regulator. D1 
provides reverse polarity protection while VR1 sets the output voltage. 
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Fig.3: regulator REG1 can be mounted 
underneath the PC board and attached 
to a heatsink as shown here. Note that 
its metal tab must be isolated from 
the heatsink using a TO-220 silicone 
washer and a Nylon screw. 


HEATSINK 
15mm LONG 
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* SEE TEXT 
Fig.2: here’s how to install the 


parts on the PC board. 


It does this by clamping the voltage 
between the ADJ terminal and the OUT 
& IN terminals in the event that one of 
the latter is shorted to ground. 
Finally, capacitors C1 & C2 reduce 
ripple by bypassing the IN (input) and 
ADJ terminals respectively. C3 pre- 
vents regulator oscillation by swamp- 
ing any low-value capacitance that 
may be connected to this output. 


Construction 

All parts for the Adjustable Power 
Supply are mounted on a PC board 
coded 10105071 and measuring 35 x 
38mm. Fig.2 shows the parts layout. 

As usual, begin by checking the PC 
board for any shorts between tracks or 
open circuits and make any necessary 
repairs. It’s rare to find a board defect 
these days but it’s easier to find any 
problems that might exist now, before 
any parts are mounted. 
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You can now begin the assembly by 
installing the 110Q resistor (R1) and 
the three diodes, making sure the latter 
are all oriented correctly (the banded 
ends are the cathodes). That done, ca- 
pacitors C1-C3 can be installed, again 
taking care with their orientation since 
they are all electrolytics. 

Next, install PC stakes for the IN, 
OUT & GND terminals, then install 
trimpot VR1. REG1 can then be 
mounted. It can either be mounted on 
the top of the PC board (as shown in 
the photo) or underneath it as shown 
in Fig.3, so that it can be fastened to 
a heatsink. 


Heatsinking stuff 

Whether or not you need a heatsink 
for REG1 depends on the output cur- 
rent and the voltage between the IN 
and OUT terminals of the regulator. 
That’s because these two values togeth- 
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er determine the power dissipation 
within the regulator. It’s determined 
simply by multiplying the two values 
together to get the power dissipation 
in watts — ie, P = VI. 

Generally, if the dissipation is 
less than 0.25W, no heatsink will be 
required. For example, if the current 
drawn from the regulator is 50mA and 
the voltage between the IN and OUT 
terminals is 5V, then the dissipation 
will be 0.25W and no heatsink will 
be necessary. 

However, if the dissipation is more 
than this , you will need to fasten the 
regulator to a heatsink to keep it cool. 
For example, let’s say that the current 
drawn from regulator REG1 is 250mA 
and that the voltage across it is 5V. In 
this case, the dissipation will be 1.25W 
(ie, 5 x 0.25) and a heatsink will be 
necessary, 

The type of heatsink required de- 
pends on the wattage dissipated by 
the regulator and the temperature 
rise that can be tolerated. Typically, 
a 20°C rise in heatsink temperature 
is OK because this means that at a 
typical room temperature of say 25°C, 
the heatsink will run at 45°C which is 
quite acceptable. 

Most heatsinks are specified by their 
temperature rise in °C per watt (°C/W). 
This means that a 10°C/W heatsink 
will rise 20°C above ambient when 
dissipating 2W. 

Note that the LM317T TO-220 pack- 
age is rated at 15W maximum dis- 
sipation. 

Usually, it will be necessary to elec- 
trically isolate the tab of the regulator 


| 10105071 REGULATOR | 


Fig.4: this is the full-size etching 
pattern for the PC board. Check 
your board for defects before 
mounting any of the parts. 


from the heatsink — see Fig.3, The rea- 
son for this is that the heatsink may be 
connected to ground, while the regula- 
tor tab sits at the output voltage. 

To isolate the tab, use a TO-220 sili- 
cone insulating washer and secure the 
assembly to the heatsink using an M3 
Nylon screw and nut. Alternatively, 
you can use a metal screw provided 
you fit an insulating bush into the 
regulator tab. 

Note that capacitor C1 may need 
to be increased in value if the input 
voltage has a lot of ripple. In addition, 
you should make sure that the input 
voltage does not go above C1's 25V 
rating. Increase C1’s voltage rating to 
35V if it does. 

In fact, you can apply up to 35V to 
the input if C1 is a 35V type. 


Adjusting the output 


Note that the voltage applied to the 
supply must be several volts higher 
than the required output voltage. This 


is necessary in order for the regulator 
to provide regulation. 

In practice, the minimum voltage 
across REG1 required for regulation 
is called the “dropout voltage”. For 
the LM317T, this voltage varies with 
the current and is typically 1.5V for 
currents below 200mA, rising to 1.7V 
at 500mA and 2V at 1A. 

Note that the drop across diode D1 
must be added to the dropout volt- 
age in order to calculate the required 
input voltage. For example, if our 
power supply draws 200mA and the 
required output voltage is 6V, then the 
input voltage must be 6V plus 0.7V (to 
compensate for voltage across D1) plus 
1.5V (for the dropout voltage) —ie, the 
input voltage must be 2.2V higherthan 
the output voltage. 

Therefore, we need to apply 8.2V 
minimum to the input for regulation. 
This is the absolute minimum and to 
ensure correct regulation under vary- 
ing loads, a 9V input to the supply 
would be ideal. Note also that any 
ripple on the input supply that drops 
below the required voltage will cause 
problems, since the supply will not 
be regulated during these low-going 
excursions. 

Once you’ve connected the supply, 
it’s just a matter of adjusting trimpot 
VR1 to set the required output voltage. 
Finally, note that in some applications, 
you might want to replace VR1 with 
a fixed resistor (eg, if VR1's setting is 
close to a standard fixed value). This 
has been catered for on the PC board 
— just replace VR1 with resistor R2 
(shown dotted). 
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N ow fields & the whiff of cash 


Its normally preferable to stick to servicing 
equipment that you know well in order to stay 
out of trouble. However, the whiff of cash can 
often tempt me to try my luck in fields outside 
my usual experience. In the long run though, it 
is the familiar stuff which pays the bills. 


That's how it came about that I was 
into repairing a 2005 Panasonic 5.8GHz 
Digital Cordless Answering Phone 
System (model KX-TG5833ALM) 
— modestly called “GIGARANGE”. 
Its problem seemed relatively simple 
and that was that it was unable to 
charge its battery from its main base 
station although it could with another 
charger unit. 


I DON'T NORMALLY 
TRY MY LUCK IN FIELDS 


OUTSIDE MY EXPERIENCE 
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It didn’t take long to disassemble the 
base station to reveal a complex moth- 
erboard with microprocessors and all 
sorts of other surface-mounted gizmos. 
I quickly realised that my enthusiasm 
was no substitute for a service manual. 
Fortunately, I was able to access one 
of these and had to laugh when I read 
at the top of the front page “5.8GHz 
Digital Answering System with Tree 


(sic) Handsets”. I could see I was going 
to get my hands dirty! 

The battery used in the handsets was 
a 3.6V NiMH 830mAh rechargeable 
(HHR-P104) and the AC adaptor for 
the system is a 9V 500mA plugpack 
(PQLV1AL). The battery was abso- 
lutely flat. When the handset is placed 
into its cradle in the base unit, the red 
charge LED comes on. The voltage 
on the “charge” contacts without the 
phone is a pulsating 9V. 

What J didn’t realise was that the 
power and battery (6-hour) charge sys- 
tem is a sophisticated microprocessor 
controlled operation in both the base 
station and handset, where EEPROMs 
can also be addressed, reset and ad- 
justed via software. Bearing in mind 
that I could still recharge the handset 
battery with another charger (KX- 
TCA1AL2), I felt the problem must lie 
within the main base station. 

In order to measure the voltages 
when in the charge mode, I needed to 
disassemble the handset and then con- 
nect it to the base station via crocodile 
clips. It was then that I realised that 
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Sermicemans Log = continued 


the input voltage dropped from 9V to 
less than 2V, which was just too low 
to charge the 3.6V battery. 

So where was the voltage going? 
Obviously there wasn’t a short in the 
handset or the base station because 
when disconnected it rose to 9V. And 
the act of the connections mating 
didn’t induce any kind of short. 

The main voltage trail from the +9V 
AC adaptor to the positive charge con- 
necting button goes through D301, 
D362 and L361. The return path from 
the negative button connector is via 
L371, Q371 and R371, R372 & R373 
in parallel, ignoring all the peripheral 


items Covered This Month 


Panasonic 5.8GHz Digital 
Cordless Answering Phone 
System KX-TG5833ALM 


e Revox A77 Mkill Dolby reel to 
reel tape recorder 


@ Philips 29PT9418/79T TV set 
(MG3.1 chassis) 


e Philips 36PW9525/79R TV set 
(MG3.1 chassis) 


e Panasonic DMR-E55 GN DVD 
recorder 


Panasonic 1996 TC-25V50A 
MX-2A chassis 
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sensor and control circuits also hang- 
ing off these. 

While under load I measured the 
voltage drop across each major compo- 
nent until I got to D362 where I found 
there was nearly 9V across it. Using 
a DVM, I almost didn’t quite get the 
significance of this as the meter gives 
a 9V reading whichever way around 
you connect it. However, the crux of 
the reading was that it was +9V with 
the positive meter lead on the anode 
and the negative on the cathode; ie, 
there was 9V across the diode in the 
forward bias condition instead of 
only 0.6V. 

Obtaining a replacement surface- 
mounted diode (Part No. BOECK- 
000008) wasn’t straightforward, as 
the part number could not be found 
in the Panasonic database. However, 
with persistence, I eventually man- 
aged to get a substitute which fixed 
the problem. 


Resurrecting a revered Revox 


In keeping with unfamiliar stuff, 
a dead 1967 Revox A77 MKIII Dolby 
reel-to-reel tape recorder came to me 
recently. This Swiss-designed and 
made classic deck is beautifully con- 
structed despite its 40 years. It was 
one of the first fully solid-state decks 
with three motors, plug-in modules 
and solenoid controls for just about 
everything. It also had an electronic 
speed governor. 


Unfortunately, this particular unit 
had had a hard life and was pretty 
rough on its exterior. I trawled the 
internet for a service manual where 
I began to learn just how highly re- 
garded this piece of technology was 
as the standard in semi-professional 
reel-to-reel tape recorders. 

The mains fuse had blown on this 
set due to capacitor C115 (0,47uF) 
having gone short circuit and tak- 
ing series resistor R123 (4.722) 
with it. Replacing these got 
things going but the set 
really needed an overhaul. 
All the PC boards, includ- 
ing the 21V B+ control 
P106 board, and all the 
module edge connectors 
needed cleaning. In ad- 
dition, all the grey round 
hard plastic electrolytic 
capacitors needed replac- 
ing, especially C210, C211, C405, 

C425, C507, C509 & C813. The 24V 

auto-shutoff lamp had also failed 
and though I was tempted to replace 
it with a LED, I made the effort to get 
an original. 

I am sure that enthusiasts would 
have many other tips available about 
this highly regarded deck but the work 
I did was enough to get this old bird 
back to work. 


Screen burn 

Last month, I touched on some 
unusual faults I have had with rear 
projection TVs. I had another inter- 
esting case recently, concerning a 
very popular manufacturer which has 
subsequently removed the product 
from the market entirely. This is about 
a 60-inch LCD 16:9 rear projection 
monitor (manufactured in about 2000) 
which had a problem due to the fact 
that it had been connected to a digital 
set top box (STB). 

The set came in with two slightly 
green stripes running up each side of 
the screen where the colour changed 
hue. When a pure colour was dis- 
played (eg, red, green or blue) or even 
sometimes white (depending on its 
saturation), it would show no prob- 
lems. However, on grey or a detailed 
picture, the two bands would show 
quite markedly. These two bands were 
like a CRT screen burn but lacking 
slightly in contrast. 

Indeed, this was in fact the LCD ver- 
sion of a CRT burn. The set had been 
run in a prolonged 4:3 format and the 
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two stripes were equivalent to the black border between 
the 4:3 and 16:9 formats. 

Unlike CRTs, LCD (and plasma) elements get hottest 
when the picture is black because they have to cut offand 
absorb the light from the lamp. This light is extremely 
bright and very hot. In fact, the instruction book actu- 
ally advises the owner not to use it in the 4:3 mode for 
precisely this reason. 

Of course, there was nothing that could be done. The 
optical engine had been damaged and that was that. 


Two tricky Philips sets 


We had two Philips sets come in recently with one 
thing in common — apart from not working properly that 
is! One was a 36PW9525/79R and the other a 29PT9418/ 
79T but both used the MG3.1 chassis. The latter was a 
100Hz TV with twin tuners and had no colour, while the 
former was stuck in the Service Access Menu mode. 

I chose to tackle the set with the Service Access Menu 
(SAM) problem first. This set had good pictures and 
sound as well as being almost fully functional with the 
remote but the SAM was permanently superimposed on 
top. I could navigate and change the functions within 
the menu but whenever I tried to exit the menu it just 
kept coming back. Normally, the SAM is exited via the 
“MENU” command or by switching off and on with 
the main switch but this just wasn’t happening — even 
though it was obviously trying to. 

There were no error codes in the buffer and the set 
did its functional test perfectly. The Option Codes were 
all correct too. It was as though someone was constantly 
trying to put it into the SAM mode. This can be done 
with the remote and also by shorting pins 1 & 2 of con- 
nection 0356 on the Small Signal Panel (SSP). I discon- 
nected the remote control receiver via plug 0341 (pin 
3) which made no difference, so 1 concentrated on the 
SSP service pins. 

Pin 2 is ground and pin 1 has a 6.5V zener diode 
6012 connecting it to ground. It then goes via a 4700 
resistor to pin 119 of IC7003, the OTC microprocessor. I 
measured the voltage on this line to find it low at 0.9V, 
as opposed to its cousin Service Default Mode pin 3 
which was at 3.83V. 

This suggested to me that this rail was being held low 
—but by what? The ohmmeter gave no clue as it showed 
both rails to have the same impedance. I unsoldered 
the surface-mounted zener diode but that too made no 
difference. 

The only other clue I had was that this set was normally 
kept near the beach and the SSP was slightly corroded. 
So I removed and washed the board thoroughly before 
examining it carefully under a maggie-lamp. Using 
a continuity tester, I could find nothing to cause this 
problem. Besides which, if any track had gone open, 
surely it would remove the load on this line, not actu- 
ally load it down. 

Next, I tried using a link between the two service 
pins to see if pin 1 would rise to the same voltage as the 
other. It wouldn't so I concluded it was more to do with 
a load problem rather than a resistor strapping it toa line 
that had gone open circuit — if indeed there was one (I 
couldn’t find one on the circuit diagram). 

In the end, I finally assumed that there was a problem 
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with the OTC microprocessor (107003) 
but I wasn’t about to replace a 120- 
pin high-density surface-mounted 
IC. An exchange board, even if avail- 
able, would be expensive and in any 
case, a corroded one is unlikely to 
be accepted as an exchange. And so, 
with the owner's consent, the set was 
written off. 

I now moved on to the second set 
which had no colour. I checked it out 
with a signal to each of its AV inputs 
to find there was no colour except with 
the DVD component inputs which 
don’t go near the set’s colour decoder. 
What I did realise was that there were 
actually bands of colour. This told me 
that the colour signal was there but the 
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burst or reference oscillator was either 
not working or not locking. 

This set does not have a convention- 
al colour decoder as of old but rather 
a digital one with phase locked loop 
control of the crystals. Interestingly, 
the PIP (picture-in-picture) had full 
colour but lost it when swapped with 
the main. The digital decoder consists 
of a large microprocessor (107501) 
called HIP (for High-end Input Proc- 
essor) which does the luminance and 
chroma processing. 

Using my wet finger technique, I 
found that when I touched the area 
around the 4.43MHz crystal, I could 
lock in the colour. When the colour 
wasn’t locked, the picture tended to 
have a bit of jitter at the bottom but 
when locked it was perfect. 

This told me that the frequency was 
out of range to lock to the burst signal, 
so I started by changing G2525, an 
18pF capacitor in series with the PAL 
4.43MHz reference oscillator crystal 
(X1525). I fitted a ceramic capacitor in 
place of the surface-mounted chip but 
this made no difference, so I directed 
my gaze to pin 52 of the processor 
which is the colour PLL. 

This pin has C2522, a 3.3nF ca- 
pacitor, connected to ground which 
is known to give a buzz in the sound. 
This is in parallel with resistor R3521 
(100kQ) and capacitor C2521 (100nF). 
Replacing all these components made 
no difference but I did notice a small 
black mark on the board near the IC. 
I checked the continuity of the cop- 


per track and found that is was open 
circuit between C2522 and pin 52. 
I couldn't see where the break was 
but fitting a wire link between the 
surface-mounted components fixed 
the problem. 


Panasonic DVD recorder 


The 2004 Panasonic DMR-E55 GN 
is a DVD recorder and analog tuner. It 
will only record and playback DVDs 
and won’t record in any CD format 
— not even for music. It will do DVD- 
RAM up to 16 hours on a 9,4GB dou- 
ble-sided disc in EP mode and has 
“Time Slip” where you can record and 
playback at the same time. 

This set doesn’t give much trouble 
except sometimes in the power supply. 
If the unit stays in self-check mode 
or shuts down, then you can suspect 
IC1 (STRG6353). The easiest way to 
confirm this is by measuring the 12V 
rail with a CRO (a DVM is too slow). If 
it is too low or varies, then IC1 is the 
prime candidate. 

Following some recent storms, we 
have been doing a roaring trade in 
these regulator ICs. I was given one 
of these models after one of the op- 
position decided he had gone as far 
as he economically could. The set had 
been hit in a storm and IC1 plus a few 
components around it had blown up 
and had now been replaced but the set 
still kept cutting off after the self-check 
had completed. 

The voltages out of the secondary 
of chopper transformer T001 were all 
correct at +13V, +9V, +6V and +7V. 
However, the other rails derived from 
these weren’t all kosher, especially the 
+12V rail which was low and varying, 
despite IC1 having been replaced. 

Next, I took the board out of the 
set to get better access. In order to 
start it, I had to turn it on by shorting 
Q111’s collector to its emitter. This in 
turn switches on Q110 which applies 
+13.5V to the DC/DC circuit. 

I also switched on Q114 by short- 
ing transistor Q107’s collector to its 
emitter, which supplies +13.5V to a 
capacitor within the DG/DC circuit. 
That done, all the power rails came 
on correctly and gave me the chance 
to check all the voltages within the 
DC/DC circuit. Everything was pretty 
good except for the output (pin 1) of 
1C102 (LM2904DR) which was down 
from 4.3V to 2.5V despite both inputs 
(pins 2 & 3) being correct at 1.2V. 

I thought that the surface-mounted 
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IC might be faulty but fortunately 
when examining the component side 
minutely, I found that R115 (3.5kQ) 
was cracked. It measured open circuit 
and a new one fixed the problem. 
However, what caused this surface- 
mounted resistor’s early demise? I 
thought it highly unlikely it was due 
to storm damage as it was so far away 
from the damaged areas. In the end, 
I concluded that it was a man-made 
error inflicted during the earlier repair 
of the switching IC (1C1). 

After the repair I downloaded the 
relevant software, made a CD and 
installed a firmware upgrade to up- 
date the machine from O900EK to 
0920EK. 


Panasonic TV 


A common fault in Panasonic TVs 
has been dry joints to the vertical 
output IC (10451). Quite often, these 
dry joints are invisible to the eye but 
re-sweating the joints with fresh solder 
nearly always fixes the fault. 

I had an exception the other day, 
though. This was with a 1996 TC- 
25V50A employing an MX-2A chassis. 
This particular set was really past its 
use-by date and was somewhat cor- 
roded from being near the beach. 

It came in with intermittent vertical 
scan, another common problem. Often, 
a good swipe on the side ofthe set with 
your hand will bring back the vertical 
deflection temporarily but this set did 
not seem so inclined. In fact, the scan 
was more directly proportional to the 
brightness of the otherwise very dull 
picture. This could have meant that 
the tube was pretty “flat” too. 
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Despite this contradictory evidence, 
I chose to take the problem on as I was 
sure it was only dry joints causing 
the problem. I still didn’t twig when I 
discovered that the original soldering 
was in fact excellent. I resoldered it 
anyway but to no avail. 

OK, occasionally the LA7833 IC fails 
too, so in went anew one but there was 
still no joy. The vertical deflection was 
as intermittent as ever and no matter 
how much I bashed it, twisted it, froze 
it or heated it, it stubbornly remained 
that way. 

But I wasn’t going to be beaten by 
this old monster and so I decided to 
look at the other symptom — ie, the lack 
of contrast. This had to be around the 
ABL (Automatic Brightness Limiter) 
circuit which comes off the tail-end 
of the EHT overwind on the flyback 
transformer, in this case pin 3. This 
is decoupled to ground via capacitor 
C512 (0.47uF 180V). 

On old Philips sets, losing capaci- 
tance in this component would give 
low contrast but this one measured 
spot-on out of circuit. I replaced it all 
the same and then, based on past expe- 
rience, looked around for a high-value 
resistor nearby that might have gone 
open circuit. R529 (330kQ) looked a 
likely candidate but it too was spot on. 
I then found R525 which was a weird- 
looking carbon resistor colour coded 
brown, red, violet, orange, brown. This 
equates to 127kQ 1% but it measured 
open circuit. Bingo! 

I don’t stock 127kQ resistors as they 
aren’t in huge demand, so I made one 
up using 100kQ and 27kQ resistors in 
series. This fixed the contrast problem 


Ethernet module for 
efficient interfacing to 
application hardware. 

The e-tie bundle includes 
tutorials and examples 
for using 
“The Microchip TCP/IP 
Stack” (AN833). 


www.ipembedded.com.au 


immediately and demonstrated that 
the picture tube was still in excellent 
condition. As a bonus, it also fixed the 
intermittent vertical scan problem as 
it is indirectly coupled to the vertical 
output IC. 

Anyway, I was lucky and it put me 
on my guard against rash generalisa- 
tions when diagnosing faults. sc 
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Use itt as a recording level indicator or simpli 
as a signal level display 


This easy-to-build bargraph VU meter makes 
it easy to record audio signals at the correct 
level. It shows both the average signal and 
peak levels in stereo on an LCD and you can 
adjust both the display range and number 

of steps. A digital display option is also 


available. 


By JOHN CLARKE 


F YOU ARE SERIOUS about mak- 

ing quality recordings, then you 
need to accurately monitor the audio 
signal level being fed into the record- 
ing device. This is to ensure that the 
signal level is within a range that the 
recorder can accept. 

In particular, correct audio signal 
levels are quite important for modern 
digital recorders. These do not tolerate 
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any amount of excess signal level and 
will severely distort such signals. 


Dynamic range 

Any audio signal, be it speech or 
music, varies constantly in level and 
the difference between the highest and 
lowest levels is called the “dynamic 
range”. 

When recording, it’s important that 


the lowest signal levels must be suf- 
ficiently above the “noise floor” of the 
recording equipment, to prevent them 
from being buried in noise. On the 
other hand, the highest signal levels 
must be kept low enough to prevent 
signal overload and the inevitable 
distortion that accompanies this. 

Ensuring that an audio signal stays 
within these bounds can be quite diffi- 
cult unless its level is accurately moni- 
tored using a meter. This meter must 
respond not just to the average signal 
level but to peak levels as well. 

Fig.1 illustrates why it is so import- 
ant to get the signal levels correct. Note 
that each waveform shown is not the 
audio signal itself but the instantane- 
ous signal level plotted against time, 
These signal level variations occur 
constantly in music and speech. In 
music, for example, the level may 
range from soft passages to quite loud 
passages. 
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SIGNAL LEVEL SET TOO HIGH 


NOISE 
FLOOR 


(©) SIGNAL LEVEL SET CORRECTLY 


Fig.1: this diagram shows why it is important to set the correct signal 
level for recording. In “A”, the average signal level has been set too low, 
resulting in lots of background noise. In “B”, the level is too high and 
the recording system will overload and distort. Diagram “C” shows the 
correct level - ie, well above the noise floor but with the peaks below the 


maximum recording level. 


Fig.1(a) shows an example of a 
recording that's been made with the 
signal level set too low, What happens 
here is that lowest signal levels are 
lost within the noise and so only noise 
signals will be heard at these levels. 
The higher signal levels are above 
the noise floor but the overall sound 
quality will be rather poor, with lots 
of background noise. 
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Conversely, Fig.1{b) shows what 
happens if the average signal level 
is too high. Here, the upper levels go 
above the maximum level that the 
recording device can handle without 
distortion, 

For magnetic tape recording, some 
degree of signal peaking above the 
maximum level can be tolerated. That’s 
because magnetic tape compresses the 


signal rather than severely clipping 
it. However, as previously indicated, 
this is not true for digital recordings 
where any signal that goes above the 
maximum is simply clipped. 

The ideal recording level is shown 
in Fig.1(c). This is where the signal 
levels are well above the noise floor 
but do not exceed the maximum 
level. By doing this, we ensure both 
low distortion and the best possible 
signal-to-noise ratio. 


VU meter 


In the past, audio signal levels were 
commonly measured using a “Volume 
Unit” or VU meter. In fact, these have 
been used since broadcasting began 
and are still widely used by the record- 
ing industry. 

In practice, a VU meter displays the 
average signal level and is calibrated 
to show the true RMS value for a sine- 
wave signal. The true RMS value is 
simply the DC equivalent value of the 
AC waveform. 

One drawback of conventional VU 
meters is that they are rather slow to 
signal variations. Typically, they take 
some 300ms to respond fully to a signal 
and this means that they are unable to 
respond to the fast transients that often 
occur in speech and music. 

Asaresult, many modern VU meters 
also include “peak displays” that show 
the levels of any sudden transients. 
However, they only show transients 
that are sustained for a defined time 
and this assumes that any short dura- 
tion transients that are clipped are 
inaudible. 


SILICON CHIP VU meter 


The unit described here falls into the 
latter category. It includes stereo (left 
& right channel) VU and peak level 
displays and employs an LCD readout 
(rather than a conventional meter) for 
a fast response. 

As shown in the photos, the meter 
is housed in a small plastic utility case 
with a clear lid. It includes four RCA 
sockets (two input and two output) so 
that you can connect the unit in-line 
between the signal source and the 
recorder. 

Both the SILICON CHIP Stereo VU/ 
Peak Meter and the recorder must 
be set up so that the meter indicates 
the correct levels for recording. In 
practice, this means that the level 
control on the recorder is fixed in 
position. Any level changes are then 
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drives the LCD module. 


made at the signal source — le, prior 
to the VU meter — so that both the VU 
meter and recorder receive the same 
signal level. 

Alternatively, the VU/Peak Meter 
could be installed within the recorder 
itself and the signal for it derived after 
the recorder's level control. 

The LCD readout used consists of 
two 16-block bargraphs (one for each 
channel). These bargraphs are used 
here for VU indication and increase 
in length to the right with increasing 
signal level, 

A vertical thin line that travels 


Mainfkeatures 


Stereo bargraph with VU and 
peak displays 

15-segment bargraph for each 
channel 

Adjustable thresholds for each 


segment 


Signal level adjustment for 
calibration 

Digital display option 
Programmable VU and peak 
display options 

9V-12V DC power supply 
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REGI 


1C1d,D5,D6 


D11, C1,C2 


Fig.2: the block diagram of the Digital Stereo VU/Peak Meter. The incoming signals are first amplified by IC1a & 
IC1c and then fed to precision rectifier stages. From there, they go to the peak detector & VU filter (averaging) stages 
before being fed to microcontroller IC3. IC3 converts the analog peak and VU signal levels to digital values and 


ahead of each VU bargraph indicates 
the peak level for that channel. 


Display options 

As well as the bargraphs, there are 
several display options to choose from 
(ain't microcontrollers grand’). 

These display options include choos- 
ing between either full 15-block bar- 
graphs or 10-block bargraphs with 
digital readouts in the first six block 
positions. In each case, the display 
indicates the channel, with the top 
bargraph having an “L” (left) and the 
lower bargraph an “R” (right). 

The initial pre-programmed settings 
are for a traditional VU meter cover- 
ing the range from -28dB to +3dB as 
follows: —28dB, -25dB, -22dB, -19dB, 
-16dB, -13dB, -10dB, -7dB, -5dB, -3dB, 
-2dB, -1dB, 0dB, +1dB, +2dB and 
+3dB. These settings are the same for 
both channels. Note, however, that the 
-28dB block is not indicated because 
the “L” and “R” channel designations 
are shown here instead. 

In addition, this programmed loca- 
tion is used when the digital format 
display option is selected. 

The use of a microcontroller also 
makes it possible to change the bar- 
graph settings to cover a wider or 
narrower range. In practice, each block 


position can be set from between -48dB 
through to a maximum of +16dB. 

Note, however, that the overall range 
should be 48dB. This means that if 
the uppermost block in the bar is set 
at +16dB, the lowermost block should 
be set to a minimum of -32dB. 

When used with a digital recorder, 
the uppermost bar should be set at OdB. 
This would be the absolute maximum 
level that the digital recorder can han- 
dle before clipping. 


Mode switch 


Pressing the Mode switch for the 
first time changes the display to show 
the far lefthand block on the top line 
and the “SET VALUE” (eg, -28dB) on 
the second line. Basically, the block on 
the top line shows the bargraph posi- 
tion that has the indicated set value. 

Pressing the Mode switch again 
causes the display to show the next 
block in the bargraph and its value. 
This step can then be repeated, with 
each subsequent pressing of the Mode 
switch showing the next block in the 
bargraph (and its value). 

The displayed values can be chang- 
ed using the Up and Down switches 
which are located behind the front 
panel. Note that it is important that 
these values are set to increase in value 
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from left to right. So a sequence of -22, 
-19, -16, etc is correct but -22, -23, -24 
is incorrect. 


Options switch 

The Options switch invokes the 
various display selections. These can 
be toggled using the Up and Down 
switches to select one ofthe following 
display options: 

(1) Bar, VU On, Peak On 
(2) Bar, VU Off, Peak On 
(3) Bar, VU On, Peak Off 
(4) Digital £ Bar, VU On, Peak On 
(5) Digital & Bar, VU Off, Peak On 
(6) Digital £ Bar, VU On, Peak Off 

This means that you can select 
the full 15-block bargraph with both 
the peak and VU displays shown or 
you can have either peak of VU only 
shown. Similarly, you could choose 
the digital display for the first six 
blocks (DIGITAL selection) and then 
choose to show either the VU or peak 
readings, or both. 

Note that when the DIGITAL selec- 
tion is made, the digital reading will 
show the VU value unless the Peak 
display only is selected. If Peak only 
is selected, then the Digital display 
shows the peak readings. 

As indicated above, the DIGITAL 
display uses “L” & “R” designations 
to indicate the left and right channel 
bargraphs. The digital values that are 
displayed will only be in steps of the 
actual programmed values for each 
block in the bargraph. 

The digital display indicates these 
values (and the “L” & “R” designa- 
tions) within the first six blocks of 
the displays (ie, the bargraphs no 
longer occupy these first six blocks). 
However, if the signal goes below the 
minimum block setting, then the dig- 
ital display will show blanks instead 
of the numbers. 

Once the display mode and other 
settings have been entered, the setup is 
saved simply by switching the power 
off and on again. 


Block diagram 

Refer now to Fig.2 for a block dia- 
gram of the Stereo VU/Peak Meter. 

As shown, both the “Left In” and 
“Left Through” sockets are paral- 
leled, as are the “Right In” and “Right 
Through” sockets. This allows the 
audio source signals to be fed into the 
VU meter and also fed straight back 
out to the recording device. 

Following the L & R input sockets, 
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Display Graph: 15-block bargraph or 10-block bargraph with digital display 
Display Range: 4808 (0 to -48dB) or value variations from +16dB maximum 


to -32dB 


Signal Levels: requires 440mV RMS to over-range on VU scale 


Accuracy: within 1dB for signals above -40dB 
Display Resolution selectable to a minimum of 1dB 


Input Impedance: 100kQ 
Supply Voltage: 9-15VDC maximum. 


Supply Current: 108mA with backlit display; 68mA with non-backlit display 


the audio signal is fed to trimpots VR1 
& VR2 which act as level attenuators. 
The L & R channel signals are then 
amplified by op amps ICla and IC1c 
which operate with gains of 16. From 
there, the signals are then precision 
rectified and fed to the peak detector 
and VU filter stages. 

The outputs from these stages are 
fed to the AN1-AN3 inputs of mi- 
crocontroller IC3. This processes the 
input signal levels and drives the LCD 
module according to the settings and 
values entered using switches S1-S4. 

In operation, [C3 converts the analog 
voltages from the peak detector and VU 
stages to digital values ranging from 
1-1024. A value of 1024 represents 
the maximum analog signal level 
which is 5V. 

Normally, the unit is set up so that 
the far righthand block of the bargraph 
turns on when signal value goes above 
1024. This is set to occur when the 
righthand block is set at OdB or higher. 
However, if the far righthand block is 
set ata minus dB value, then the signal 
value is reduced to coincide with that 
dB setting. 

The remaining blocks in the bar- 
graph are then calculated to show the 
lower signal levels. For example, a 
signal that is at -6dB (or half the 0dB 
signal level) will have a digital value of 
1024/2 or 512 when converted by IC3. 
Similarly, a -12dB signal will have a 
digital value of 256. And a signal that 
is 48dB below the 1024 maximum 
level will have a digital value of 4 (ie, 
251 times less). 

These values are all calculated using 
the following equation: 

Attenuation (dB) = 20log(the signal ratio) 

For example, if the signal level is 
half the maximum, then the log of this 
is -0.3 and 20 times this is -6dB. 


Note that IC3 only indirectly uses 
this equation because it uses a look- 
up table that already has the values 
programmed into it. 

Power for the meter comes from an 
external 9-12V DC supply and this is 
fed in via reverse polarity protection 
diode D9. The resulting 9-12V rail, 
together with a -9V rail generated by 
the “negative supply” block, is used 
to power the op amps that form the 
input amplifiers, precision rectifiers, 
peak detectors and VU filters. 

Finally, regulator REG1 produces a 
+5V rail which is used to power micro- 
controller IC3 and the LCD. 


Circuit details 
Fig.3 shows the circuit details but 
note that only the lefthand channel 
circuitry before IC3 has been depicted 
for the sake of clarity. The righthand 
channel is identical, so we’ll describe 
the lefthand channel operation only. 
As before, the incoming left-channel 
audio signal is attenuated via trimpot 
VR1, which sets the display sensitiv- 
ity. The signal at the wiper is then ap- 
plied to op amp IC1a which operates 
with a gain of 16 (ie, it amplifies the 
signal by a factor of 16). This is done 
to boost the signal level to at least 5V 
peak-to-peak, so that is suitable for the 
following level display circuitry. 
IC1a's output is fed via a 470nF 
capacitor to the full-wave precision 
rectifier. For the VU signal path, this 
stage is based on op amp IC1b, diodes 
D1 & D2 and op amp IC2a. Similarly, 
for the peak detector, the precision 
rectifier uses IC1b, D1 & D2 and op 
amp IC2b, It operates as follows. 
When the input signal goes positive, 
pin 1 of IC1b goes low and forward 
biases diode D1. The resulting gain of 
the signal appearing at the anode of D1 
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is -1, as set by the 20kQ input resistor 
and 20kQ feedback resistor. 

This inverted signal at D1’s anode is 
applied to the inverting input (pin 2) 
of IG2a via 150kQ and 100kQ resistors. 
IC2a operates with a gain of -6.66 on 
this signal, as set by the ratio of the 
1MQ feedback resistor and the 150kQ 
input resistor (the 100kQ resistor in 
series with the input is inside the 
feedback loop). 

As a result, the overall gain for the 
signal path between pin 2 of ICib and 
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pin 1 of IC2a is -1 x -6.66, or +6.66 (ie, 
IC1b's gain x IC2a’s gain). 

At the same time, the positive-go- 
ing signal from ICla is applied via 
a second path to IC2a via a 300kQ 
resistor. In this case, IC2a operates 
with a gain of -3.33 due to the ratio 
of the 1MQ feedback resistor and the 
300kQ input resistor. Thus, the overall 
signal gain at the output of IC2a is 6.66 
- 3.33 = 3.33. 

Now let’s consider what happens 
when [C1a’s output swings negative. 


300k 
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+12V 


When this occurs, diode D2 is forward 
biased and so IC1b’s output is clamped 
at 0.6V above the pin 2 input signal 
and no signal flows through D1. IC1b 
is therefore effectively taken out of 
circuit and 1C2a now simply amplifies 
the signal from IC1a (applied via the 
300kQ resistor) on its own. 

As before, it operates with a gain 
of -3.33 for this signal path. Since the 
input signal is negative, the output at 
pin 1 is positive — ie, it inverts and 
amplifies the negative input signal. 
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Fig.3: the parts shown in this circuit diagram can be directly related to the block diagram shown in Fig.1. Note that 
only the lefthand channel circuitry before IC3 has been shown for the sake of clarity — the righthand channel is 
identical. IC1a is the input amplifier, IC1b, D1, D2 & IC2a form the precision rectifier & VU filter stages and IC2b, D3 & 
D4 function as the peak detector. IC4, transistors Q1 & Q2, diodes D10 & D11 and capacitors C1 & C2 make up a diode 
charge pump which provides the required -9V rail. 


The precision rectifier therefore 
provides a positive output with gain 
of 3.33 for both positive and negative 
going inputs. 


VU response 

IC2a also provides low-pass filter- 
ing of the rectified signal so that its 
response is relatively slow. This fil- 
tering conforms to VU (volume unit) 
standards so that the output reaches 
the input level after 300ms and over- 
shoots by about 1.5%. 
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The filtering is carried out using the 
100kQ and 1M2 resistors, the 56nF 
and 1u4F capacitors and the parallel 
combination of the 300kQ and 150kQ 
input resistors. These together provide 
the 2.1Hz roll-off frequency and a Q 
(quality factor) of 0.62. 


Peak level detector 


1C2b and its associated components 
comprise the peak level detector. This 
stage is also fed via two signal paths: 
(1) directly from the output of ICla 


via the 470nF capacitor and a 300kQ 
resistor; and (2) from diode D1 in the 
precision rectifier circuitry (and a 
series 150kQ resistor). 

How this works is again best ex- 
plained in two steps — ie, when the 
signal from IC1a swings positive and 
when the signal swings negative. 

As we know from the precision 
rectifier explanation, when the input 
signal goes positive, pin 1 of IC1b 
swings low and forward biases D1. The 
resulting gain of the signal at the anode 
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of D1 is -1, as set by IC1b's 20kQ input 
and 20k® feedback resistors. 

This amplified signal is applied to 
pin 6 of IC2b via the 150kQ resistor. 
As a result, IC2b's output swings high 
and forward biases D3. This diode is 
in series with a 910kQ resistor in the 
feedback loop. 

The signal at D3’s cathode is thus 
amplified by -910kQ/150kQ or -6.066, 
which means that the output signal is 
positive and the overall gain from the 
output of IC1a for this signal path is 
+6.066 (ie, -1 x -6,066). 

For the second signal path (ie, via 
the 300kQ resistor), IC2b operates 
with a gain of -910kQ/300kQ or -3.033. 
This means that the overall gain of 
the signal from ICla is 6.066 - 3.033, 
or +3,033. 

When the signal goes negative, D2 


+12V 


É; 


C1 CHARGES FROM +12V 
VIA QI & D10 


is forward biased and IC1b's output is 
clamped as before. IC2b now operates 
on its own and amplifies the signal ap- 
plied to it via the 300k® resistor with a 
gain of -3.033 (ie, -910kQ/300kQ). 

As a result, IC2b delivers a positive 
output signal on both positive and 
negative output signal swings from 
IC1a, And in both cases the absolute 
signal gain is the same at 3.033. 

Note that a 910kQ feedback resistor 
is used for IC2b instead ofa 1MQ resis- 
tor (as used for 1C2a in the VU filter). 
That's because the peak value must be 
3dB higher than the VU value. 

This 3dB figure comes about be- 
cause the peak of a sinewave is 1.414 
times the RMS value (ie, 3dB greater). 
Another way of saying this is that the 
RMS value of a sinewave is 0.7071 of 
the peak value. 


How The Diode Charge Pump Works 


lan) 


(B) CHARGE TRANSFERS FROM 
C1 TO C2 VÍA Q2 8, D11 


NEGATIVE SUPPLY GENERATOR 


Fig.4: how the diode charge pump works, Capacitor C1 charges towards 
the +12V rail when transistor Q1 turns on and then transfers its charge to 
C2 when Q1 switches off and Q2 turns on. 
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The main PC board is 
secured inside the case 
using four M3 Nylon 
screws, two tapped 
Nylon spacers and 

two Nylon nuts, Two 
additional tapped Nylon 
spacers are also fitted 

to the PC board (centre, 
right) to support the 
bottom righthand corner 
of the LCD module and 
the righthand end of 
the switch PC board. 
Note that the capacitors 
that go under the LCD 
module £ switch board 
must be mounted 
horizontally, to provide 
the necessary clearance. 


In our case, the VU signal is the 
average level of the full-wave recti- 
fied signal and this is only 0.637 of 
the input signal's peak level. The 
910kQ resistor is therefore used to 
provide a peak output that is 0,91 
(approximately 0.637/0.7071) of the 
peak signal, or about 3dB higher than 
the VU signal. 

Diode D4 ensures that ICG2b’s output 
does not swing negative by more than 
about 0.7V, so that its response to sig- 
nals is not compromised. In normal 
operation, diode D3 is forward biased 
and D4 does not conduct. However, 
when the signal is at OV, IC2b's output 
tends to switch positive and negative 
to maintain control. That is when D4 
comes into operation. 

The peak signal level at D3’s cathode 
is filtered using a 2.4kQ resistor and 
680nF capacitor. This filtering slows 
the peak signal level response so that 
it is not instantaneous but instead 
conforms to an audio standard. This 
ensures that only peaks that are wide 
enough to be audible are displayed. 

The standard we picked is IEC60268- 
10 which has a 1.7ms response time 
to peak signals. This means that the 
measured signal level will be 1dB 
lower than it otherwise would be for a 
10ms signal burst and 4dB lower for a 
3ms burst (compared to an instantane- 
ous Measurement). 

In practice, the 2.4kQ resistor and 
the 680nF capacitor in the filter circuit 
set the time constant at 1.63ms. 

The decay time constant specified 
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in the IEC standard is -20dB in 1.58 
(equivalent to a 650ms decay time 
constant). In this circuit, the 910kQ 
resistor and the 680nF capacitor set 
the decay rate at 619ms which is near 
enough. 


Microcontroller 


The left-channel VU and peak level 
signals are respectively applied to 
analog inputs AN3 £ AN1 of micro- 
controller IC3. Similarly, the right- 
channel signals are applied to inputs 
AN2 & ANO. 

Note that the VU input signal is fed 
via a 2.2kQ resistor to limit the current 
flow when IC2a's output goes above 5V. 
The 2.4kQ resistor in the output filter 
circuit for IC2b does the same job. 

IC3 is a PIC16F88 microcontroller. It 
measures the incoming VU and peak 
signal levels for the left and right chan- 
nels and drives the 2-line 16-segment 
LCD module accordingly. 

In operation, the signal levels at 
the AN inputs of the microcontroller 
are converted to 10-bit digital values 
using an internal A/D (analog-to-dig- 
ital) converter. Outputs RBO-RB3 then 
drive the LCD’s D4-D7 data lines, while 
outputs RA4 & RA6 drive the enable 
(EN) and register select (RS) lines on 
the LCD. 

Switches S1-S4 are used to enter 
data into the microcontroller. Nor- 
mally, inputs RB4-RB7 are held high 
via internal pull-up resistors. Closing 
a switch pulls the associated input to 
ground and this is detected and proc- 
essed by the microcontroller. 

IC3 operates ata frequency of 8MHz, 
as set by an internal oscillator. It is 
powered from a regulated +5V supply 
rail, with the reset input at pin 4 tied 
high via a 10kQ resistor. The 100nF 
capacitor and a 100uF filter capacitor 
provide supply rail decoupling. 

The LCD module also runs from the 
+5V supply rail and a 10uF capacitor 
decouples its supply. The lower four 
data lines (DO-D3) are tied to ground 
and the LCD module is driven using 
the upper four bits (D4-D7). VR3 pro- 
vides display contrast adjustment. 


Power supply 

The +5V supply rail for the circuit 
is derived from a 9-12V DC plugpack 
via diode D9 (which provides reverse 
polarity protection) and 3-terminal 
regulator REG1. This regulator has its 
input and output terminals bypassed 
using 1004F capacitors. Zener diode 
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Parts List 


1 PC board, code 01205071, 
116 x 65mm 

1 PC board, code 01205072, 
81 x 19mm 

1 LCD module with back 
lighting (Jaycar QP-5516 or 
equivalent) 

1 120 x 70 x 30mm box with 
clear lid (Jaycar HB-6082 or 
equivalent) 

4 SPST micro tactile switches 
(Jaycar SP-0600 or 
equivalent) (81-84) 

1 DPDT slider switch (S5) 

1 8-pin IC socket cut to 2 x 3- 
way strips 

1 14—pin 1C socket cut to 2 x 
7-way strips 

2 14-pin IC sockets for IC1 & 
IC2 (optional) 

+ 18-pin IC socket for IC3 

4 PC mount right angle RCA 
sockets (Jaycar PS-0279 or 
equivalent) 

1 20-way DIL header strip 

1 2.5mm DC bulkhead socket 

2 100kQ horizontal trimpots 
with 2.5mm pin spacing 
(VR1, VR2) (Code 104) 

1 10kQ horizontal trimpot with 
2.5mm pin spacing (VR3) 
(Code 103) 

4 M3 x 10mm Nylon screws 

2 M3 x 6mm Nylon screws 

4 M3 x 6mm screws 

1 M3 x 10mm metal screw 

4 M3 tapped x 15mm Nylon 
stand-offs (cut to 11mm) 

2 M3 Nylon nuts 

1 M3 metal nut 

2 M2 x 8mm screws for S5 

2 PC stakes 


ZD1 clamps any transients from the 
plugpack that go above 15V. 

The positive supply rail for op amps 
IC1 and IC2 is derived immediately 
following DY (ie, before REG1). This 
rail is typically 9-12V. By contrast, 
the negative supply rail for these op 
amps is generated using a diode charge 
pump. This comprises a 7555 oscil- 
lator (IC4), transistors Q1 & Q2 and 
diodes D10 & D11. 

In operation, IC4 oscillates at about 
75kHz, with the 10nF capacitor on pin 
6 charged and discharged via a 1kQ 
resistor connected to the pin 3 output. 


1 100mm length of red hookup 
wire 

1 50mm length of black hookup 
wire 

1 200mm length of 0.7mm tinned 
copper wire 


Semiconductors 

2 LM324 quad op amps (IC1,IC2) 

1 PIC16F88-I/P microcontroller 
(IC3) programmed with 
VUPEAK.hex 

1 7555 timer (IC4) 

1 LM340T5, 7805 5V regulator 
(REG1) 

1 BC337 NPN transistor (Q1) 

1 BC327 PNP transistor (Q2) 

8 1N4148 diodes (D1-D8) 

1 IN4004 diode (D9) 

2 1N5819 Schottky diodes 
(D10,D11) 

1 15V, 1W zener diode (ZD1) 


Capacitors 

1 1004F 35V PC electrolytic 
5 100uF 16V PC electrolytic 
1 10uF 16V PC electrolytic 
2 1uF 16V PC electrolytic 

2 680nF MKT polyester 

2 470n MKT polyester 

3 100n MKT polyester 

2 56nF MKT polyester 

1 10nF MKT polyester 

2 330pF ceramic 


Resistors (0.25W, 1%) 
2 1MQ 2 15kQ 
2 910k2 2 2.4kQ 
4 300kQ 2 2.2kQ 
4 150kQ 3 1kQ 
2 100kQ 1100 
4 20kQ 


Pins 2 & 6 are the lower and upper 
threshold inputs and these monitor 
the capacitor voltage. 

The pin 3 output drives the bases 
of transistors Q1 & Q2. When pin 3 is 
high, transistor Q1 switches on and 
Q2 is off. Conversely, when pin 3 is 
low, transistor Q2 switches on and 
Q1 turns off. 

Basically, the transistors act as cur- 
rent buffers which drive the following 
voltage converter circuitry without 
loading IC4's the pin 3 output. 

Diodes D10 £ D11, along with ca- 
pacitors C1 & C2 (both 100uF), act as 
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RIGHT 
THROUGH 


Fig.5: assemble the two PC boards as shown 
here. Note that most of the capacitors on the 
main board must be mounted horizontally, 

so that they don't foul the LCD module and 
switch PC board when these are installed (see 


photos). 


a diode charge converter to derive the 
negative (-9V) supply. Fig.4 shows a 
more simplified arrangement of how 
this works. 

When transistor Q1 switches on, 
C1 charges towards the 12V supply 
rail via D10. Subsequently, when Q1 
switches off and Q2 turns on, the 
positive terminal of C1 is connected 
to ground and the negative side of 
the capacitor is pulled below ground 
by an amount equal to the voltage 
across it . 

Capacitor C2 now quickly charges 
towards this negative voltage via diode 
D11. As a result, it reaches a negative 
voltage that is close in value to the 12V 
supply, minus the voltage drops across 
the diodes and the saturation voltages 
of transistors Q1 and Q2. 


The 6-way pin header is 
- mounted on the top side 
of the switch PC board, 
while the four switches are 
mounted on the track side. 
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-E7 


(MOUNT ON 
TOP OF BOARD) 


In practice, this is about -9V and this 
rail is bypassed using another 1004F 
capacitor (to the positive rail) to mini- 
mise the supply impedance. 

Note that the diodes used are Schott- 
ky types which have a lower voltage 
drop than standard diodes, In addi- 
tion, these diodes are better suited for 
high-frequency operation and produce 
less losses at 75kHz. 


Construction 


The Stereo VU/Peak Level Meter 
is built on two PC boards — see Fig.5. 
The main board is coded 01205071 
and carries all the input metering 
circuitry, the microcontroller and the 
LCD module which is connected via 
a pin header. 

The second, smaller board is coded 
01205072 and carries switches 51-54 
to allow the display values and op- 
tions to be changed from the pre-pro- 
grammed settings. 

Begin by checking the PC board for 
any faults. These could include bridg- 
es between tracks, breaks in the copper 
and incorrect hole sizes. In addition, 
make sure that the various mounting 
holes are all the correct size, including 
those for the RCA sockets. 

Start the assembly by installing PC 
stakes at the two supply terminals (ie, 
the bottom right connections to the DC 
socket and S5), then install the eight 


eis 


wire links. In particular, note the wire 
link situated between the two central 
RCA sockets — don’t leave it out. 

The resistors can go in next. Table 
1 shows the resistor colour codes but 
you should also use a digital multi- 
meter to confirm their values (some 
colours can be difficult to decipher). 

Next on the list are the diodes. Note 
that several different types are used 
in this circuit so be careful not to mix 
them up. Once they're in, transistor Q1 
& Q2 can be installed. Note that Q1 is 
a BC337 (NPN} while Q2 is a BC327 
(PNP) — be sure to install them in their 
correct locations. 

Note also that the tops of the transis- 
tors must be no more than 9mm above 
the PC board, to allow clearance for 
switch S5 when the unit is mounted 
inside its case. 

Now for regulator REG1. As shown, 
this is installed flat against the board 
(just bend its leads down at right ań- 
gles) and its metal tab secured using an 
M3 x 10mm metal screw and nut. Be 
sure to tighten the nut before solder- 
ing REG1’s leads. Doing this the other 
way around could place undue stress 
on the soldered joints. 

1C1, IC2 & IC4 can now be installed, 
taking care to ensure they are all cor- 
rectly oriented (ie, pin 1 at top, right). 
Note that IC4 is a CMOS device, so 
observe the usual static precautions 
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This i is the view r inside the ‘completed 


for centre positive. 


(ie, discharge yourself by touching an 
earthed metal object, avoid touching 
its pins and earth the barrel of your 
soldering iron using a clip lead). 

An 18-pin socket is used for IC3. 
Don’t plug IC3 in yet, though — that 
step comes later. 

Trimpots VR1, VR2 & VR3 are next 
on the list. Note that VR3 is 10kQ (code 
103), while VR1 & VR2 are both t00kQ 
(code 104). Once they’re in, the four 
RCA sockets can be installed. 


Installing the capacitors 

Take a careful look at the photos 
before installing the capacitors. In 
particular, note that all the electrolytic 
types except for the two 100uF units 


prototype. Be sure to wire the De eas 


just below Q2 must be installed hori- 
zontally (ie, laid over on their sides). 
This is necessary to allow clearance 
for the LCD module and the switch 
carrier PC board. 

In practice, its just a matter of bend- 
ing their leads down at right angles 
before installing them. Make sure they 
all go in with the correct polarity. 

Depending on the brand, it may also 
be necessary to mount some of the 
MKT capacitors in this fashion. 


Header sockets 


The main board assembly can now 
be completed by installing two 7-way 
SIL (single-in-line) sockets (for the 
LCD header) and two 3-way SIL sock- 


ets (for the switch board header). 
In both cases, these socket strips are 
made by cutting down IC sockets — ie, 
a 14-pin IC socket and an 8-pin IC 
socket, respectively. Use side cut- 
ters to split the sockets in half and 
a file to clean up the edges. 
Once these are in, a match- 
ing 14-way pin header (which is 
cut from a 20-way header) can be 
soldered to the LCD module. Note 
that this header must be inserted 
from the underside of the module’s 
PC board and its pins soldered on the 
top side. 


Switch PC board 


There’s nothing complicated about 
this board, since it carries just switches 
51-54 and a 6-way pin header. Note 
however, that the four switches are 
mounted on the copper side of the 
board — see photo. 

The 6-way header is mounted in the 
usual manner (ie, itis installed on the 
non-copper side of the board). 


Testing 

The unit is now ready for testing, 
before final assembly into its case. 
This should be done without micro- 
controller IC3 in place and with the 
LCD module unplugged. 

First temporarily wire a DC socket 
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uF Value IEC Code EIA Code 


Value 


680nF 0.68uF  680n 684 
470nF 0.47uF  470n 474 
100nF 0.14F  100n 104 
56nF .056uF 56n 563 
10nF  .01uF 10n 103 
330pF NA 330p 331 


TablewiHResistomcColourmcGodes) 


5-Band Code (1%) 

brown black black yellow brown 
white brown black orange brown 
orange black black orange brown 
brown green black orange brown 
brown black black orange brown 
red black black red brown 

brown green black red brown 
red yellow black brown brown 
red red black brown brown 
brown black black brown brown 
brown black black gold brown 


4-Band Code (1%) 

brown biack green brown 
white brown yellow brown 
orange black yellow brown 
brown green yellow brown 
brown black yellow brown 
red black orange brown 
brown green orange brown 
red yellow red brown 

red red red brown 

brown black red brown 
brown black black brown 


m) No 
LJ 2 
J 2 
Lt 4 
O 4 
Ly 2 
LI 4 
J 2 
m 2 
1 2 
3 
7 1 
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ó6mm LONG 


M8 SERENYS | 11mm LONG 
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MOULDED SPACERS MO HEAD M3 SCREWS 


GROUND TO Imm HIGH 


Fig.6: here’s how the PC board assembly fits inside the case. Be sure to use tapped Nylon spacers as specified (not 
metal), to prevent shorts to the PC tracks. The 10mm countersink M3 screws through the base of the case should also 
be Nylon, again to prevent shorts on the PC board. 


to the +12V and OV terminals on the 
PC board (the +12V lead goes to the 
centre terminal of the socket), That 
done, connect a 9-12V DC power sup- 
ply to the unit and switch on (warning: 
do not apply more than 15V to the 
unit, otherwise zener diode ZD1 will 


DISPLAY MODES 


L- ŽJEpEEEE | 
R- 34000 | 


Fig.7; just two of the optional display 
modes that can be selected: top — Digital 
& Bar, VU On, Peak On; bottom — Bar, 
VU On, Peak On 


MODE SELECTION 


DIGITAL & BAR 
MU OR PERE OM 


Fig.8: the display mode is selected by 
pressing the Options switch & then 
stepping through the selections using 
the Up & Down buttons. These two 
modes correspond to the displays 
shown in Fig.7. 


SETTING THE BLOCK VALUES 


" T y 
SET VALUE - 2dB 


Fig.9: the individual bargraph block 
values can be altered using the Mode 
switch & the Up & Down switches. 
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become hot and may be damaged by 
excess current). 

Now measure the voltage between 
pins 5 & 14 of IC3’s socket. This should 
be 5V (anywhere between 4.85V and 
5.15V is OK). The voltage on pin 11 
of both IC1 & IC2 should be anywhere 
from -7V to -10V, depending on the 
input voltage. 

If you don’t get the correct voltages, 
switch off immediately and check for 
wiring errors. If you don’t get any volt- 
age at all, check the supply polarity. 

Assuming everything is OK, switch 
off and plug IC3 into its socket, making 
sure it is oriented correctly, That done, 
plug the LCD module into its header 
socket and temporarily support it at 
the other end on Nylon stand-offs. 

Now apply power again and check 
that the display shows “L” and “R” to 
indicate the positions of the bargraphs. 
If there is no display or the contrast is 
poor, try adjusting the contrast trimpot 
(VR3), Ifthere is still no display, check 
the connections to the module through 
the header and sockets. 


Final assembly 


Once the checkout is complete, the 
PC boards can be installed in a small 
plastic case measuring 120 x 70 x 
30mm. The specified case comes with 
clear lid and is available from Jaycar 
(Cat. HB-6082). 

If you are building a kit, then the 
case may be supplied pre-drilled. If 
not, then four countersunk holes will 
have to be drilled in the base in line 
with the corner mounting holes of 
main the PC board. In addition, you 
will have drill four holes at one end 
for the RCA sockets and a hole at the 
other end for the DC power socket. 

Be sure to position the latter hole 
so that the power socket clears the 
switch board. 

Finally, you will need to drill two 


holes for the switch screws and make 
a square cutout for the switch actuator, 
The square hole can be made by drill- 
ing a series of small holes around the 
inside perimeter and then knocking 
out the centre piece and cleaning up 
with a small file. 

Fig.6 shows the final assembly 
details. First, the integral (moulded) 
spacers on the base should be ground 
down to a height of 1mm. That done, 
secure an M3 x 11mm tapped Nylon 
spacer (cut it down from a 15mm 
spacer) to the PC board immediately 
to the left of transistor Q2 (this spacer 
supports the lower righthand corner of 
the LCD module). 

A second similar spacer is also fitted 
just below this (to the right of the 2,2kQ 
resistor) to support the righthand end 
of the switch PC board. 

The main board can now be in- 
stalled in the case by sitting it on the 
1mm moulded spacers. Secure it along 
the top edge using two M3 x 10mm 
countersink screws which go into two 
more M3 x 11mm tapped Nylon spac- 
ers. The bottom edge of the board is 
then secured using M3 x 10mm coun- 
tersink Nylon screws and nuts. 

Once the main board is secured, 
the LCD module can be installed by 
plugging it into its header socket and 
securing it to its three matching Nylon 
spacers using M3 x 6mm screws. 

Similarly, the switch PC board is 
plugged into its header socket and se- 
curing it to its matching 11mm spacer 
at the other end. 

Finally, fit the DC socket and power 
switch S5 and complete the wiring as 
shown in Fig.5. The switch is secured 
using the supplied M2 screws. 


Calibration 


Just how you calibrate the meter 
depends on the application. First, 
VR1 and VR2 are used to set the signal 
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The LCD module plugs into the 2 x 7-way SIL sockets on the PC board and is 
secured to three of the Nylon spacers. The switch PC board (not shown here) 
mounts in similar fashion and is secured to the fourth Nylon spacer. 


level sensitivity for the left and right 
channels respectively. 

In practice, a true VU meter will 
show +0dBU when the applied signal 
is +4dBU. Now OdBU is 1mW into 
6009. Thus, when 1mW is multiplied 
by 6000 and the square root taken (V 


= square root of Power x Resistance), 
the voltage is 774mV. 4dBU is 1,584 
times greater and so the 4dBU signal 
level is 1.23V. 

The peak level will be some 3dB 
higher than this because the peak 
value of a sinewave is 1.414 times 


higher than its RMS value. So if you 
are replacing existing VU meters, 
this Stereo VU/Peak Meter should be 
calibrated to show OVU with a 1.23V 
sinewave input. 

For most other applications, the 
display readings are set according 
to the level that produces clipping. 
With digital recorders, these invari- 
ably include a clipping indication 
that shows whenever the signal goes 
above the maximum level for digital 
conversion. 

This means that the meter should be 
calibrated so that the OVU peak block is 
just displayed at this clipping level. 

The display range may also be 
altered to suit your application. A 
digital recorder would normally use 
a meter display that shows OVU at 
the far righthand block. The values 
below this can then be set according 
to preference. 

For example, you could set each 
block to display in just 1dB steps, or 
you could use much larger steps or 
a combination of step sizes. Larger 
steps are more useful at lower signal 
levels, while 1dB steps are best as 
the signal level approaches the upper 
threshold. SC 
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In Pt.2, we described how to build all the 
modules that comprise the Programmable 
Ignition System. This month, we describe the 
installation and setting up procedures and 
show you how to plot the ignition timing. 


S MENTIONED in Pt.1, the Pro- 

grammable Ignition System can 
either be used as a complete ignition 
system or as an interceptor. 

Whether it behaves as an intercep- 
tor or not depends on the input signal 
that's applied to the unit. In most 
cars, the ignition system will already 
provide ignition advance with respect 
to RPM and engine load. This applies 
not only to cars that have full or partial 
engine management but also to older 
cars that simply have mechanical RPM 
and vacuum advance systems. 

When used as an interceptor, the 
Programmable Ignition simply modi- 
fies the existing ignition timing. By 
contrast, when it's used as a complete 
ignition system, we dispense with any 
existing timing system that may exist 
and re-map the timing using the Pro- 
grammable Ignition Timing Module. 

If you intend using the unit as an 
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interceptor, then there’s no real need 
to know what the engine’s existing 
timing map is for RPM and engine 
load. That’s because we are simply 
using the unit to modify the existing 
timing values at various engine RPM 
and load sites. 

Why would you want to do this? 
Well, you may want to advance the 
timing at some sites to gain power 
and/or retard the timing to prevent 
detonation (ping) at certain trouble 
spots within the RPM and engine 
load map. 

Note that although the original tim- 
ing curve does not have to be known 
for interception, you do need to know 
the RPM and engine load range. This 
is necessary to ensure that the full 
mapping range is utilised with the 
Programmable Ignition System (more 
on this later). 

Conversely, if the unit is used as a re- 


Warning! 


Programming an incorrect timing 
map into the Ignition Timing Module 
could result in serious engine damage. 
Do NOT modify your car by fitting this 
device unless you know exactly what 
you are doing. 

Also, be sure to install this ignition 
system in a manner that does not 
compromise safety. lt must be rug- 
gedly built and correctly installed to 
ensure that no leads or components 
can come adrift. 

Finally, make sure that the device 
does not compromise the operation 
of other systems controlled by an 
existing engine management unit- eg, 
ABS, traction control, stability control, 
air-bag control, etc. 


placement ignition, it will be easier to 
program in a timing map if the original 
engine timing is known. That way, the 
Programmable Ignition can initially 
duplicate the original timing which 
can then be adjusted as necessary ina 
similar manner to an interceptor — eg, 
to extract better performance and/or to 
prevent detonation. 
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In some cases, full timing informa- 
tion will be available from the car's 
manufacturer or from a workshop 
manual. Usually, however, there will 
be no information available. 

The solution is to actually measure 
the timing advance against changes in 
RPM and engine load. This is easy to 
do in cars with a mechanical vacuum 
advance mechanism, as this operates 
independently of engine RPM. 

Plotting the timing values in cars 
that use engine mapping and a MAP 
sensor for vacuum measurement is 
only slightly more difficult. It's done 
by externally alteringthe pressure sent 
to the MAP sensor or actuator. The 
exact procedure is described in the 
panel headed “Plotting The Original 
Ignition Timing Values”. 

Cars that utilise Mass Air Flow 
(MAF) sensing of engine load are much 
more difficult when it comes to map- 
ping ignition advance. That's because 
the engine will have to be run with 
varying degrees of load throughout 
the RPM range and this can only be 
achieved on a dynamometer. 


Interceptor or replacement? 


Note that the Programmable Igni- 
tion System should be used only as 
an interceptor on cars that already 
have an engine management system. 
That's because the manufacturer's tim- 
ing map will have been carefully de- 
signed for your engine. Furthermore, 
the timing would have been mapped 
against air inlet temperature, engine 
temperature and the air-fuel ratio to 
provide the best performance in all 
conditions. 

By usingthe Programmable Ignition 
System only as an interceptor in such 
cars, the original timing variations ac- 
cording to fuel ratio, temperature, RPM 
and load will be retained. 

By contrast, we do advocate using 
the Programmable Ignition System as 
a complete replacement in older cars 
and Go-carts and on engines that do 
not currently include RPM or vacuum 
advance. 

Many old cars provide both RPM 
and vacuum advance by mechani- 
cal means. Because of their age, the 
RPM advance system is now likely to 
be worn and sticky in its operation, 
while the vacuum actuator will often 
be leaky or may have failed altogether. 
Most drivers do not notice ifa vacuum 
actuator has failed because when it 
fails, it remains at the maximum en- 
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Timing Problems With Reluctor tiiggers 


In some cars, when using the Pro- 
grammable Ignition, you may find that 
the ignition trigger exhibits a type of 
stiction effect, with the timing initially 
failing to advance from about 0-5”. This 
effect is due to the coil firing just before 
the trigger signal (due to the advance 
setting) and the resulting high-tension 
signal within the distributor then inter- 
fering with the normal operation of the 
trigger sensor. 

Reluctor triggers are the most likely 
to be affected in this way. Hall Effect, 
optical, engine management and points 
triggers are unlikely to be affected. 

In some cases the effect may be di- 
alled out by careful adjustment of VRI. 
Also, make sure the high-tension lead 
and the reluctor leads are spaced well 
apart and only intersect at right angles 
if they do need to cross. 

If this does not solve the problem then 


gine load position. As a result, power 
under load is retained. 


Our experience 


During our tests, we eliminated the 
original mechanical RPM and vacuum 
advance systems in a 1988 Ford Telstar 
and used the Programmable Ignition 
System to provide the timing advance 
instead. As a result, the engine be- 
came far more responsive to throttle 
changes and was more willing to rev 
than before. 

There are a couple of reasons for 
this improved performance. First, the 
flying weight system in the distributor 


you can avoid programming low values 
of advance into the Programmable 
Ignition. This can be done in one of two 
ways. First, the static timing can be set 
to say 10° of retard (eg, ~10°) so that 
you need at least 10° of advance from 
the Programmable ignition to get 0° 
timing. Of course, the entire timing map 
would have to be changed to include this 
extra 10° for all values. 

An alternative method is to set 
the static timing to greater than the 
maximum amount of advance in the 
timing map. This value would then be 
subtracted from required timing value 
for each map site in order to determine 
the retard setting required for each site 
in the Programmable Ignition. 

For example, if the static timing is 
+40° and the timing map value is 22°, 
the programmable ignition map setting 
would be -18° (22° - 40° = -18°). 


that provides RPM advance is fairly 
sluggish to respond to RPM changes. 
By contrast, the Programmable Igni- 
tion System provides “instantaneous” 
changes to the timing map. 
Similarly, the vacuum actuator that 
moves the distributor’s trigger firing 
point is slow to respond compared to 
using a pressure (or MAP) sensor with 
the Programmable Ignition System. 


Installation 
Typically, the Ignition Timing Mod- 
ule is best mounted inside the cabin 


of the car; eg, somewhere under the 
dashboard. This allows the Hand Gon- 


vl 


An external MAP sensor can be mounted on the 
firewall. It will require power connections plus 
a vacuum hose connection to the inlet manifole 
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mm 
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Plotting The Original Ignition Timing Values 


T'S QUITE EASY to plot the timing 

advance values for an existing ignition 
system by using a timing light. In fact, 
there are several ways to go about this. 

Typically, most cars only provide timing 
marks that show Top Dead Centre (TDC) 
and up to about 10° or 12° before TDC 
using a scale on the engine block. These 
marks are ideal for setting up the ignition 
timing at idle but are not sufficient to 
measure advance at higher RPM values. 
This is because the advance will go beyond 
the 10° or 12° timing mark. 

One way round this is to make up an 
extended timing scale to directly indicate 
the advance at higher RPM values. Another 
option is to use a timing light that includes 
advance adjustment. 

Yet another option is to use the Pro- 
grammable Ignition System and a spare 
ignition coil and spark plug. This system 
can shift the timing light's stroboscopic 
flashing so that it is delayed by as many 
degrees as the advance. That way, you can 


TO ORIGINAL 
IGNITION SYSTEM 
IN CAR 


Fig.23: here’s how to set 
the system up with a 
timing light and a spare 
ignition coil to map the 
ignition timing. 


troller to be easily attached and used 
while someone else does the driving 
(this should be done on a racetrack or 
some other closed road), 

It is also best to mount the Ignition 
Timing Module in the cabin if the 
Sensym pressure sensor is used. This 
helps keep the sensor cool. 

Alternatively, the Ignition Timing 
Module can be mounted in the engine 
bay if you cannot find room for it in 
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use the existing engine timing marks. 

Fig.23 shows how to set this system 
up. Note that the coil shown here is not 
the ignition coil used in the car but a 
separate one that independently fires the 
timing light. If you do not have a spare coil, 
they are readily available from automotive 
wreckers or you could temporarily borrow 
one from another car (just about any single 
output ignition coil can be used). 

The spark plug is necessary to provide 
a spark gap for the coil to discharge. This 
is important because if the coil’s high ten- 
sion output is left open, there is the risk 
that the coil will internally breakdown and 
suffer permanent damage. 

The Ignition Timing Module takes its 
signal from the car's trigger sensor or 
existing ECU output but note that this 
signal must include the timing advance 
(not always the case with trigger sensor 
information). If the trigger signal does not 
include the timing advance, then be sure 
to use the output from the ECU. 


Before actually plotting out the timing 
values, there are a number of adjustments 
that must first be made to the Ignition 
Timing Module, as follows: 


Reluctor adjustment 

lf your car uses a reluctor pick-up, then 
VR1 (on the Ignition Timing Module) must 
first be adjusted. Begin by setting VR1 fully 
clockwise and measure the voltage at pin 
6 of IC1. If the voltage is close to OV, wind 
VR1 anticlockwise several turns until the 
voltage at pin 6 of IC1 goes to +5V. When 
it does, wind VR1 anticlockwise about two 
turns more and leave it at this setting. 

If the voltage at pin 6 of IC1 is +5V 
when VR1 is wound fully clockwise, then 
rotate VR1 fully anticlockwise and wind it 
clockwise until the voltage goes to +5V. As 
before, wind VR1 on by an extra two turns 
(clockwise this time). 


Initial settings 
Now for the programmed settings. 


+12V 
IGNITION 


__ IGNITION 
¡COM 


the cabin. Make sure it is well away 
from the exhaust manifold though, to 
prevent excessive heat exposure. It can 
be mounted using suitable brackets to 
the chassis. 

The big disadvantage of mounting 
the unit in the engine bay is that it 
is much harder to connect the Hand 
Controller for driving. In some cases, 
it may be possible to feed the con- 
necting lead through a window and 


$ oe SPARK PLUG 


STANDARD 
=a —a—— GAP 


(APPROX 1mm} 


under the rear of the (closed) bonnet. 
Alternatively, it may be possible to 
temporarily feed the connecting lead 
through the firewall (not so easy) or 
through an air vent (easier). 

Note that the lid of the Ignition Tim- 
ing Module must be left off when the 
Hand Controller is connected. This 
also allows jumper LK1 to be easily 
changed, to select either the settings 
or timing display modes. Note that 
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Here's the step-by-step procedure: 

(1) Install jumper LK1 in the settings 
position. 

(2) Set the number of cylinders for your 
car, the edge sense to HIGH and the diag- 
nostic setting to “No Interpolation”. 

(3) Set the dwell to Oms and set the oscil- 
lator to ON. 

(4) Increase the dwell value until the timing 
light fires reliably. Note that the dweli value 
does not change until the Up switch on the 
Hand Controller is released. 

(5) Move LK1 to the timing position and 
press the Reset switch on the Hand Con- 
troller so that all the timing values for the 
selected map return to 0. 

If you now start the engine and aim the 
timing light at the flywheel timing marks 
you should see the amount of advance. If 
this does not seem correct, then change 
the edge sense to low in the settings mode 
(ie, temporarily move LK1 back to the set- 
tings position). If the strobing is erratic, try 
selecting the 2ms debounce option (again 
found in the settings mode). 

Note that with this strobe set-up, the 
timing light will fire for every spark firing 
rather than just for cylinder 1. This will 
make the visible contrast of the timing 
mark alittle less than it otherwise would be. 
You can compensate for this by dabbing 
some white paint on the flywheel marker. 


Checking the advance 


Having gone through all these initial 
adjustments, the next step is to disable any 
vacuum advance by removing and plug- 
ging the rubber hose that connects to the 
vacuum advance pressure sensor (or MAP 
sensor. The timing advance at idle should 
be set according to the manufacturer's 
Specifications. 

For the Ford Telstar, the initial timing is 
6° BTC (before top centre) and this should 
be indicated by aiming the timing light at 
the timing marks. In this case, the Ignition 
Timing Module can now be programmed 
(using the Hand Controller) for a timing 


LK1 should be placed in the settings 
position when the Hand Controller is 
subsequently disconnected. 

By contrast, the Ignition Coil Driver 
must be mounted in the engine bay. 
It can be secured to the chassis using 
suitable brackets and should be lo- 
cated close to the ignition coil. If you 
are using a separate MAP sensor, then 
this can be mounted on the firewall. 

Make sure that there is a good con- 
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RPMO Min RPM 
BEA RES 


1000 1400 


RPM Site 


Load Site 0 


“LOADS 
LOAD10 — 
Maxload LOAD11 6 


RPM2 RPM3 RPM4 RPMS RPNMG_ RPM7 _RPM8 RPM9 __RPM10 
1800 2200 


Max RPM 
RPM11 
5000 


2600301 3000 3400 3800 4200 _ 4600 


Table 1: this table shows the interpolated E values vs RPM for the high 
load site (in this case, LOAD11). These values are measured with the vacuum 
advance line disconnected and plugged - see text. 


advance of -6.0° (retard). When this is 
done, the timing light should now show 
the timing to be at exactly TDC on the 
flywheel marks. 

Plotting the RPM advance values from 
here is straightforward. It’s just a matter 
of running the engine at specific RPM 
values and adjusting the “retard” value 
programmed into the Ignition Timing 
Module until the timing light shows TDC 
in each case. The programmed values then 
represent the timing advance (in degrees) 
for each selected RPM value. 

For example, let's say that the pro- 
grammed value necessary for the timing 
light to show TDC is -22° when the engine 
is doing 3400 RPM. This simply means 
that, in this particular case, the standard 
ignition has a timing advance of 22° at that 
engine speed. 

OK, so how do we actually do this? 
Simple — just select the timing display 
mode (using LK1) and then select DIAG 
so that the RPM is displayed. You can now 
plot out the advance versus RPM values 
by increasing the engine RPM in suitable 
steps (eg, 1000 RPM) all the way to the red 
line and adjusting the programmed retard 
value so that the timing is shown at TDC. 
Keep a record of these advance values as 
you proceed. 

This RPM versus timing advance is 
generally the high-load map because the 
vacuum advance line is disconnected 
and plugged. However, it is not the high 


nection between the metal cases of 
both units and chassis. If necessary, 
you can run separate earth leads to 
ground (bolt them to the chassis via 
crimp eyelet connectors). 

Once you’ve made the connections, 
use your multimeter (set to its ohms 
range) to confirm that the metal cases 
are correctly grounded. You should get 
a reading of zero ohms between each 
metal case and ground. 


load map for turbo-boosted engines (see 
below). 

The recorded timing information can 
now be plotted out on a graph and the inter- 
polated values transferred to the individual 
RPM sites. This is done as follows: 

(1) Decide whether you want the two 11x11 
maps or the single 15x15 map and select 
this in the settings mode. 

(2) Select either 1° or 0.5° resolution. 
(3) Set the Minimum RPM and Maximum 
RPM values to suit the range of the engine. 
The Minimum RPM value is simply the idle 
speed, while the Maximum RPM value is 
the engine red line. The idle speed can be 
measured by setting the display to DIAG, 
so that it shows RPM. 

When setting the Maximum RPM, adjust 
the RPM/SITE value so that the Maximum 
RPM is at or just over the value required. 
You can also adjust the Minimum RPM 
setting if necessary (see Pt.1). 

The Minimum RPM value becomes 
the RPM1 site. The RPM step value for 
each site is shown in the Maximum RPM 
settings display. If this is 400 RPM, for 
example, then the RPM2 site will be 400 
RPM higher than the Minimum RPM 
setting. Similarly, the next RPM site will 
be 400 RPM higher again and so on up 
to the final RPM site which will be equal 
to (or slightly higher than) the Maximum 
RPM value. 

You should now have a timing table 

. continued next page 


Fig.15 in Pt.2 last month shows the 
external wiring details. Note that all 
wiring between the Ignition Timing 
Module and the Ignition Coil Driver 
should be run using automotive wire 
and crimp automotive connectors. 
Similarly, use automotive wire and 
crimp connectors for the connections 
to the ignition coil, the +12V supply 
and to chassis. 

The +12V supply should be taken 
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TEE PIECE 


A RUBBER 
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VACUUM 
ACTUATOR 


q 


TO MAP 
OR SENSYM 
ABSOLUTE 
PRESSURE 
SENSOR 


RUBBER 
HOSE 


IT A 
i SYRINGE 


Fig.24: here’s how to check the LOAD values in a car with a mechanical 
vacuum actuator. The syringe is used to vary the pressure., 


that is similar to the one shown in Table 
1. Note that we have included RPMO on 
a different line because it is only there to 
show thatthe advance setting remains the 
same for RPM values below the Minimum 
RPM site (RPM1). 

Finally, you may wish to recheck the 
advance values assigned to each RPM 
site. For example, for the table shown, you 
would recheck the advance at 1000, 1400, 
1800, 2200, 2600, 3000, 3400, 3800, 
4200, 4600 and 5000 RPM. 


Vacuum advance 


Having determined the RPM site ad- 
vance values, you now need to plot the 
LOAD values. 

First, let's assume that you have a car 


from the fusebox. Be sure to choose a 
connection point that delivers +12V 
only when the ignition on. In addition, 
make sure that this +12V rail DOES 
NOT drop to OV when the ignition 
is switched to START, otherwise the 
engine will never start. 

In our case, we used twin-core 
shielded cable to connect between 
the Ignition Timing Module and an 
external MAP sensor mounted on the 
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with a mechanical vacuum actuator. In this 
case, you will need a T-piece in order to 
connect this existing vacuum actuator (via 
a hose) to the MAP sensor used with the 
Programmable Ignition System. 

Note, however, that a T-piece is not 
required if your car is fitted with an exist- 
ing MAP sensor. In this case, the same 
signal from the MAP sensor is used both 
forthe existing ignition and for the Ignition 
Timing Module. 

In either case, it will be necessary to 
feed a MAP sensor signal to the Ignition 
Timing Module. If you are using the Sen- 
sym sensor, then a vacuum hose has to 
be connected to this. 

The T-piece does not have to be anything 
too complex. You can buy these at an 


firewall (see photo. Alternatively, you 
can use automotive cable. 

Note that the MAP sensor must be 
wired with the correct polarity so 
double-check the wiring and voltages 
before making the final connection 
to the this sensor. If you are using an 
existing MAP sensor, then you won't 
need to make the supply connections, 
since these will already be present (see 
panel on page 73 last month). 


automotive shop or make your own. 

As shown in Fig.24, a syringe is used 
to vary the pressure. However, be careful 
not introduce excessive pressure into the 
MAP sensor as it may be damaged. 

For 1-bar sensors, the syringe should 
be pressed all the way in before connect- 
ing it to the vacuum hose. That way, you 
can only “draw” a vacuum by pulling on 
the syringe plunger (and not increase the 
pressure), The maximum value is typically 
around 200 but could be as high as 230 
and is equivalent to a 4-4.5V output from 
the sensor. 

lf you are using a 2-bar sensor, first 
check the LOAD value at normal atmos- 
pheric air pressure. At 2-bar, this value 
will be about 100 greater. Do not increase 
pressure above this increased value (ie, 
the atmospheric plus 100 value). 

In this case (ie, for a 2-bar sensor), the 
syringe should be inserted into the hose 
with the plunger set half-way down. If you 
cannot get a sufficient pressure range with 
this, then you will have to do the pressure 
changes in two steps: (1) for vacuum, 
insert the syringe when the plunger is fully 
in and draw out the plunger for vacuum; 
and (2) for boost pressure measurements, 
insert the syringe nozzle into the hose with 
the plunger fully drawn and apply boost 
pressure by pressing on the plunger. 

During this process, be sure to always 
monitor the sensor output level by setting 
the Hand Controller to DIAG mode (the 
second line shows the pressure sensor 
LOAD value). If the value stops increas- 
ing as you apply more pressure, then 
stop immediately. This indicates that you 
have reached the maximum pressure that 
the sensor can detect and any further 
increases could damage it. 


Plotting vacuum advance 


Let’s assume that your car uses a 
vacuum actuator and you have made the 
necessary vacuum hose connections using 
the T-piece. The vacuum advance plot can 


A toggle switch will need to be 
mounted on the dashboard if you want 
to be able to select between two 11x11 
maps. The wires for this are connected 
to the S1 terminals on the Ignition Tim- 
ing Module PC board. If you just want 
one map (either an 11x11 ora 15x15), 
then switch S1 is unnecessary. 


Adjusting VR1 


If you are using a reluctor pickup 
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now be made at a fixed RPM setting that 
coincides with an RPM load site value. 

However, do not to choose the idle load 
point because the erigine RPM will alter 
as vacuum advance is applied and you 
need to be able to adjust the throttle to 
maintain the fixed RPM setting. Choose 
the RPM2 site value instead (1400 RPM 
in our example). 

It's now justa matter of plotting the RPM 
advance against the pressure sensor LOAD 
reading, as shown on the Hand Controller's 
display. To vary the LOAD reading, just 
vary the position of the syringe plunger. Be 
sure to adjust the throttle to compensate 
for pressure changes, to maintain engine 
RPM at the RPM2 site value. 

In practice, the vacuum advance value 
will stop increasing beyond a certain min- 
imum pressure value. This value should be 
recorded as the minimum load. Similarly, 
it will also cease changing at a certain 
maximum pressure value and this should 
be recorded as the maximum load value. 
Enter these two values into the Minimum 
LOAD and Maximum LOAD settings. 

Remember that the maximum load 
value can only be changed by increasing 
the LOADS/SITE value. In our example 
below, the LOADS/SITE value is 40 and 
it ranges from a minimum of 151 (which 
becomes LOAD1) through to a maximum 
of 191 (LOAD11). 

You can now insert the load timing 
values into a table as shown in Table 2. 

Note that the voltage output from elec- 
tronic pressure sensors (including MAP 
sensors) usually decreases with increasing 
vacuum (lower pressure). This means that 
the minimum load (maximum vacuum) 
gives the lowest value on the DIAG display 
and so this becomes the minimum load 
site (LOAD1). 

If, for some reason, the pressure read- 
ings are reversed (ie, the value increases 
with decreasing vacuum}, then the load 
site numbering will have to be reversed so 
that the maximum load becomes LOAD1. 


to trigger the Ignition Timing Module, 
the first thing to do is to adjust trimpot 
VR1. That’s done as set out in the ac- 
companying panel headed “Plotting 
The Original Ignition Timing Values” 
(see text immediately following “Re- 
luctor adjustment”). 

If you have plotted the RPM advance 
curve (see panel), then most of the 
parameters within the Ignition Tim- 
ing Module will have already been 
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RPMO Min RPM 

RPM Sito RPM 

Value Load Site 0 1000 
_151 LOAD1 
155 LOAD2_ 


167 LOADS 
171__LOAD6 
175__ LOAD? 
479 LOADS 


© 


Table 2: the LOAD site values are all made at a fixed RPM setting but do not 


RPM2 RPM3 RPM4 RPMS RPM6 RPM7 
1400 1800 2200 
185 


Max RPM 


RPM8 RPM9 RPM10 RPM11 


2600 3000 3400 3800 4200 4600 5000 


28 312.5 34 


use the RPM1 value. Choose the RPM2 or RPM3 rev value instead. 


RPMO Min RPM 

_RPM Site RPM1 
Load Site 0 1000 1400 800 
2. J 


LOADS _ 
___ LOAD'0 J 
Max load LOAD11 ) 6 8.5 
Table 3: once you've completed 


RPM2 RPM3 RPM4 RPMS RPM6  RPM7 
) 2200 2600 3000 3400 3800 4200 4600 
% 26 49 5 


Table 2, the rest of the table ean be filled in by 


RPM8 RPMS RPM10 


29 38 


25 
24.5 28 j 35 37 415 


19 22 26 28 32.5 34 


adding or subtracting the RPM advance steps to the RPM2 LOAD site values. 
This is the result for a 1988 2-litre Ford Telstar. 


This is because the lowest value must be 
entered as the minimum load site, 


Completing the table 


Because the vacuum actuator advance 
system provides the same advance curve 
at all RPM values, its quite easy to com- 
plete the table. In our example, the advance 
increases by 1° for each decreasing LOAD 
site. Table 3 shows the result. 


MAP sensor 


If your car has an existing MAP sen- 
sor, then the load advance will have to be 
plotted for each RPM site. The table then 
may not have a consistent change between 
LOAD sites but its value will be dependent 
on the ignition mapping. 


Programming 


The Ignition Timing Module can now be 
programmed with the timing map. This is 


set. You will, however, need to set the 
dwell for the ignition coil. 

Conversely, if none of the param- 
eters have been set, then you will have 
to start from scratch. The various set- 
tings were detailed in the first article 
in March 2007, 

The first step is to place jumper LK1 
in the settings position. That done, set 
the number of cylinders for your car, 
then set the edge sense to high (or to 


done using the VIEW setting, to enable 
stepping through all the map sites. 

Normally, the distributor would be ad- 
justed so that the trigger sensor delivers 
a firing signal at TDC and the timing map 
entered on this basis. Alternatively, you can 
set the distributor to deliver a firing signal 
at a preset advance or retard value. The 
entered advance values would need to be 
adjusted to account for this initial advance 
or retard setting of the distributor. 

Make sure that the distributor's rotor 
is still within its range for firing with the 
values set in the programmable ignition. 
lf you do not change the settings much 
beyond the original ignition timing curve, 
then the rotor will remain within range to 
allow the spark to bridge the gap within the 
distributor cap to fire the spark plugs. 

Finally, don’t forget to set the interpola- 
tion back to “on” after plotting the ignition 
timing. 


low if you know it should be this set- 
ting). The diagnostic setting should 
then be checked to ensure it is set for 
“interpolation on”. 

Next, decide whether you want the 
two 11x11 maps or the single 15x15 
map and select this in the map setting. 
Follow this step by selecting either 
the 1° or 0.5° resolution and set the 
debounce to 0.4ms. 

Note that the latter may need to be 
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Using An Existing Coil Driver Module 


N SOME CASES, it may be possible 

for the output from the Ignition Tim- 
ing Module to drive an existing ignition 
module (or coil driver) instead of using 
the SILICON CHIP Ignition Coil Driver. 

There are a few things to sort out before 
doing this, however. First, you must find 
out the voltage sense used for the trigger 
signal. This can easily be determined if the 
trigger signal is produced by the ECU. For 
other triggers, the sense may need to be 
determined by trial and error. 

Initially, you should set the Ignition 
Timing Module’s EDGE setting set to 
LOW. If it doesn’t work, try reducing the 
470Q output resistor in the Ignition Tim- 
ing Module to 220Q in order to drive the 
original coil driver module. 

If it still doesn’t work, try changing the 
EDGE setting to HIGH. in addition, the 
Ignition Timing Module output must be 
inverted for positive edge firing by taking 
the drive from transistor Q4 — see Fig.14 
in last month's article. 


ECU trigger signal 

Whatifyou are using the trigger signal 
from an existing ECU (or engine manage- 
ment unit)? 

In this case, the output may normally be 


set to 2ms if there are problems. This 
higher debounce period is usually 
required only for points triggers. 


Dwell setting 


Now for the dwell setting. First, 
attach an external spark plug to the 
HT lead from the coil and connect the 
plug's metal thread to chassis (ground). 
You can use a heavy-duty lead with 
alligator clips at either end to make 
this connection. 

Now set the dwell to Oms and set the 
internal oscillator in the Ignition Tim- 
ing Module to on. That done, increase 
the dwell until the spark plug appears 
to give its best spark. 

Note that the dwell value will not 
change until the Up switch on the 
Hand Controller is released, so be sure 
to release the switch each time you 
make a change. Stop increasing the 
dwell when the spark appears to have 
reached its maximum intensity. 

Once you've finished, switch off the 
ignition and reconnect the HT lead 
correctly so that the car will run. The 
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at +5V, with a low signal then applied to the 
ignition module to “charge” the coil and 
a high-going signal subsequently used to 
fire a plug. Alternatively, the signal sense 
could be completely reverse to this. 

Generally, it’s easy to determine the 
voltage sense by measuring the voltage 
from the ECU when the engine is idling, 
using a multimeter set to read DC. The 
meter will show the average voltage of 
the trigger signal and so a normally low 
output will give a voltage below 2.5V and 
a normally high output will give a voltage 
above 2.5V. 

If the measured voltage is less than 
+2.5V, then the plugs fire on the low-going 
signal edges (ie, the ECU’s output goes 
to +5V to “charge” the coil). In this case, 
the EDGE setting in the Ignition Timing 
Module should be set to LOW. 

Conversely, if the voltage is greater than 
+2.5V, it means that the coil charges when 
the ECU output goes to OV and the plugs 
fire on the high-going signal edges. In 
this case, the EDGE setting in the Ignition 
Timing Module should be set to HIGH. In 
addition, the signal output from the Igni- 
tion Timing Module must be inverted (by 
taking the output from transistor Q4), as 
shown last month in Fig.14. 


internal oscillator will automatically 
be off when power is re-applied. 


MAP sensor & RPM ranges 


If you intend using the unit as an 
interceptor (ie, to modify the timing 
output from an existing system), then 
you will need to know both the exist- 
ing pressure (MAP) sensor and RPM 
ranges. This means that the Ignition 
Timing Module should be set up so 
that it initially makes no changes made 
to the timing. 

The range over which the existing 
MAP sensor works can be found by 
monitoring the LOAD value in the 
DIAG display mode. First, record the 
maximum load value by checking the 
LOAD reading with the ignition on 
but without the engine started. This 
should be done only for normally 
aspirated engines when the barometer 
shows 1013hPa of atmospheric pres- 
sure (ie, the standard pressure at sea 
level). 

If you are at a higher altitude, then 
add another 3% to the reading for 


every 300m above sea level to com- 
pensate for the loss in air pressure. 
Alternatively, vary the reading by the 
percentage that your local air pres- 
sure differs from 1013hPa. Increase 
the reading for lower air pressure and 
decrease it for higher air pressure. 

For turbo engines, the maximum 
reading from the pressure sensor is 
found at maximum boost. 

The minimum load value can be 
found by driving the car downhill, 
with the engine being overrun (eg, by 
shifting to a lower gear than normal). 
Note, however, that some cars tap the 
vacuum line for the vacuum measure- 
ment before the butterfly valve that’s 
located within the air inlet throat. In 
this case, vacuum measurement is not 
available on a fully-closed throttle 
because the butterfly valve is also clos- 
ed. What’s more, just slightly opening 
the throttle in this case will cause the 
vacuum to reappear. 

Once you’ve measured the mini- 
mum load value, enter it into the 
settings as the Minimum LOAD. That 
done, enter the Maximum LOAD by 
altering the loads/site value so that 
it is equal to or a little over the value 
previously measured. 

You now need to set the minimum 
and maximum RPM values to suit 
the range of the engine. Just set the 
Minimum RPM value to the idle speed 
and the Maximum RPM value to the 
engine red line. 

Note that the idle speed can be meas- 
ured using the Programmable Ignition 
System, with the display set to DIAG 
to show the RPM. 

When setting the Maximum RPM, 
adjust the RPM/SITE value so that the 
maximum RPM is at or just over the 
value required. You can also adjust the 
minimum RPM setting to achieve the 
best compromise for the adjustment. 


Testing 

The Programmable Ignition System 
should now be ready for it first real 
test. If you are using it as an intercep- 
tor, make sure that all the initial timing 
map values are zero. You can ensure 
this by pressing the Reset button on 
the Hand Controller and waiting one 
second so that RESET is shown on the 
display. This will clear all the timing 
values to zero but only for the map 
selected. 

If you want to clear both the alpha 
and beta maps, then you will need to 
use switch S1 to select the alternative 
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FYOUR CAR already has a fully electronic ignition, it can be disabled 
quite easily. Just disconnect the trigger sensor from the existing 
ignition and connect it to the Ignition Timing Module instead. 


Note that with some ignition systems, you will not be able to find a 
suitable trigger signal that does not also include timing information. 
In this case, you can only use the Programmable Ignition System 
as an interceptor. 


To disable a mechanical advance system, you first need to remove 
and disassemble part of the distributor. Make sure you turn the 
engine to TDC for cylinder 1 before removing the distributor. 


The distributor must be stripped down to give access to the 
mechanical weights, so they can be locked in place. We used an 
aluminium plate to lock the weights to the minimum advance position. The 
vacuum actuator hose is disconnected (to set the advance to the maximum 
load setting) and the inlet to the actuator is plugged. 


The vacuum hose is then connected to the manifold pressure 
sensor that's used with the Programmable Ignition System (eg, to 
an external MAP sensor or the on-board Sensym sensor). Be sure 
to reinstall the distributor with its rotor pointing towards the cylinder 
1 high-tension terminal on the distributor cap. 


‘he inlet to the vacuum 
ictitator is disconnected 
and plugged. 
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4 Left: you can use a 
simple aluminium 
plate like this to 
lock the mechanical 
timing weights 
inside a distributor. 
It simply slides over 
the distributor cam 
and the timing weight 
posts, as shown in the 
photos. 


Inside a stripped-down distributor, 
showing the timing weight posts. 


ES 


The aluminium plate prevents the posts attached to The partially reassembled distributor with the 


the weights from sliding in their slots as the RPM 
increases, thus locking them in position. 
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advance plate back in position. Because the weights 
are locked, the advance plate is now also locked. 


MAY 2007 81 


HE CIRCUIT DESCRIPTION in Pt.1 

details many of the functions of micro- 
controller IC1 and explains its pin assign- 
ments. However, it doesn’t explain what 
goes on inside the microcontroller, so let's 
take a closer look at this. 

As we've already seen, the trigger signal 
is applied to 1C1's RBO input and the RB3 
output subsequently switches off the igni- 
tion coil via the driver circuit to fire a spark 
plug. We'll assume here that a positive 
signal edge at the RBO input is the trigger 
point for turning off the ignition coil. 

Alternatively, this could be set for nega- 
tive edge triggering instead by selecting 
the EDGE LOW setting via the LCD Hand 
Controller. 

If the Programmable Ignition is set for 
no advance or retard, the RB3 output will 
go low and turn off the ignition coil (to fire 
a plug) at the instant the RBO input goes 
high. However, we also need to “charge” 
the coil so that there is sufficient energy 
stored in it at the point of “firing” so as 
to provide a spark. The duration required 
to fully charge the coil (to provide maxi- 
mum spark energy) is called the “dwell” 
period. 

In order to provide this dwell period, 
we need to predict when the coil is go- 
ing to “fire” the next plug. Based on this 
prediction, we can then determine when 
to start “charging” the coil (ie, the start of 
the dwell period). 

Fig.25 shows the waveforms associated 
with this. The top waveform is the trigger 
signal applied to RBO and the positive- 
going edges are the firing points. The RB3 
output on the waveform below this initiates 


map and press the Reset button again. 
Of course, this only applies if the two 
11x11 maps have been selected. The 
15x15 map is fully reset to zero using 
just the Reset switch, regardless of 
switch S1’s position. 

Now try to start the engine. If it 
refuses to start, then the edge setting 
(for the input trigger signal) may need 
to be set to low rather than high. 

Assuming that it does start, check 
that it runs properly when the throttle 
is quickly pressed to increase the revs, 
If it falters, then the dwell period may 
need increasing a little. Additionally, 
the response to the low-speed RPM 
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Fig.25: the top waveform in red represents the trigger signal applied to the 
RBO input of the microcontroller in the Ignition Timing Module. The green 
waveforms show the three possible RB3 output signal conditions. 


the dwell period before firing occurs at the 
positive edge of RBO. 

To predict the next firing point, we use 
a timer (Timer2) that counts up by one for 
each 800ns between the positive edges 
of RBO. This count value then becomes 
the predicted count for Timer2 to indicate 
when the next firing will occur. This is 
true when the engine is running at a con- 


setting may need to be increased by a 
few hundred RPM above the idle speed 
for best “take-off” acceleration. 

Altering the timing a little from 
its standard setting can sometimes 
smooth out the idle speed if it tends to 
be rough. It needs to be tested by both 
advancing and retarding the existing 
value to find the optimum setting. This 
setting becomes the cranking advance 
as well. 

These two settings (for cranking and 
idle) may not be compatible because 
the idle advance setting may make 
the engine hard to start. If necessary, 
the cranking timing can be made 


stant RPM. However, when the engine is 
increasing in speed, the firing point will 
occur somewhat earlier than the previous 
Timer2 count value. 

Conversely, the firing point will lag 
behind the previous Timer2 count value 
when the engine is slowing down. These 
changes are not significant since the 
engine RPM value cannot quickly change 


independent of the idle timing by 
lowering the minimum RPM setting 
to below idle but above the cranking 
speed, This will set the RPM1 sites for 
cranking only. Cranking RPM can be 
measured on the DIAG display during 
starting. 

Both the off-throttle and cruising 
settings can generally be advanced 
further to improve fuel economy. How- 
ever, too much off-throttle and cruis- 
ing advance can produce poor engine 
response if extra throttle is suddenly 
applied for acceleration. 

Any pinging (detonation) problems 
at high loads can be solved by reduc- 
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to any extent between successive input 
trigger signals. 

The dwell period can be initiated before 
the next firing by doing some calcula- 
tions using the Timer2 count value. If, for 
example, the required dwell for the coil is 
4ms, we can calculate that this period is 
equal to a count of 5000. This is because 
4ms requires counting 5000 of the 800ns 
count periods. We can then start the dwell 
at a count of 5000 before the next expected 
firing point. 

Initiating the dwell start and switching 
off the coil to fire a plug requires another 
counter. At every positive signal edge on 
RBO, this second counter (Timer0) is set at 
a value so that it will reach a count of zero at 
the next expected firing position. Before it 
reaches zero, the counter is checked every 
204.815 to see if tt has reached the value to 
start the dwell period. If this value has been 
reached, RB3 goes high and remains high 
until the counter reaches zero, at which 
point RB3 goes low to fire the plug. 

In order to advance or retard the firing 
point, instead of setting Timer0 to fire at 
the next expected RBO positive edge we 
either fire before this for advance or later 
than this for retard. The dwelt is also shifted 
to start earlier as the timing advances or 
later as the timing retards. 

We need to make some calculations 
in order to set Timeró to a value that will 
give the correct amount of advance or 
retard in degrees. As we know, the Timer2 
value provides us with the count between 
firing pulses. Firing pulses occur twice 
per engine revolution for a 4-cylinder 4- 
stroke engine and three times per engine 
revolution for a 6-cylinder 4-stroke. So for 
a 4-cylinder 4-stroke engine, we divide the 
Timer2 count by 180 because plug firings 
are 180° apart, with two pulses per 360° 


ing the advance. Note that with the 
11x11 map, there are 121 individual 
adjustments that can be made at the 
various RPM and engine LOAD sites. 
You will probably not need to alter too 
many of these. Just adjust those sites 
that need to be changed to eliminate 
pinging (reduce the timing value) or 
to provide more power under load 
(increase the timing value), 

In practice, the vehicle can be driven 
with the Hand Controller connected if 
you wish to fine-tune the adjustments 
(get someone else to do the driving). 
However, it’s important to note that the 
Programmable Ignition will work best 
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engine revolution. This gives us the count 
per degree. 

For the 0.5° resolution setting, we divide 
by 360 instead of 180 to get the number of 
counts per 0.5°. Similarly, for a 6-cylinder 
engine, we divide by 120 for the 1° resolu- 
tion setting because there are three firing 
pulses per 360° engine revolution. The 
number of degrees of advance or retard 
required is then multiplied by the count 
per degree value. This is then either added 
to the Timer2 value to retard the timing 
or subtracted from the Timer2 value to 
advance the timing. 

TimerO is then set so that it reaches a 
count of zero at this altered Timer2 value. 
In this way, RB3 is controlled by Timer0 
to set the dwell and fire a plug (when 
Timer0 is zero) at the required advance 
or retard setting. 

Well, that’s basically how the system 
works but in practice it’s a bit more com- 
plicated that that. In reality, there are two 
timers: TimerO and Timer1. Timer0 is used 
to decide when to drive RB3 high (for the 
dwell) and low (to fire the plug) between 
each of the even-numbered positive edges 
from RBO. 

By contrast, Timeri is used to drive 
RB3 high and low between each of the 
odd-numbered RBO positive edges. 

The reason we need two timers is be- 
cause one of them might still be in use, 
determining when to drive RB3, wnen the 
next positive edge from RBO occurs. If only 
one timer was used, it could not be made 
ready for the next firing sequence, as this 
would affect the current firing position. 
The only alternative is to use two timers, 
as described. 

Note that the firing point is calculated 
from the previous RBO positive edge and 
may not exactly match the current RBO 


when the Hand Controller is in the set- 
tings mode, as selected using link LK1 
on the Ignition Timing Module. 

The microcontroller then does not 
spend time updating the LCD module 
and this allows its program to be solely 
devoted to updating the timing. As a 
result, any responses to manifold pres- 
sure changes and RPM changes will 
not be hampered by display updates. 

The Hand Controller can be discon- 
nected when all the settings have been 
entered. Note that it should only be 
connected or disconnected with the 
power to the Ignition Timing Module 
switched off. sc 


edge when there is no advance or retard 
adjustment. This can happen when the 
engine revs are changing. 

In this case, we fire the coil when the 
RBO output goes high. In addition, when 
the timing is set to retard, the firing point 
is recalculated when the next REO positive 
edge occurs. If the timing is set to advance, 
the plug will also be fired at the positive 
RBO edge if it has not already fired. 

Another calculation made within the 
microcontroller is for the engine RPM 
value. This calculation first divides the 
Timer2 count value by 16 and the result 
is then divided into 93,750/cylinder for a 
4-stroke engine. The result is a value for 
the number of “100 RPM” increments. 

For example, lets assume that Timer2 
has a count of 37,500 and we are running 
a 4-cylinder engine. The 37,500 is then 
divided by 16 to give a result of 2343. 
Dividing this value into 93,750/4 gives a 
value of 10. This is the number of “100 
RPM” increments which in this case is 
equivalent to 1000 RPM. 

This calculation is correct because 
with a Timer2 count of 37,500, the period 
between pulses is 30ms because each 
count represents 800ns (800ns x 37,500 
= 30ms). A 30ms period is 33.333Hz or 
2000 pulses per minute. Since the engine 
is a 4-cylinder 4-stroke, there are two 
pulses per revolution and so the engine 
speed is 1000 RPM. 

Calculations are also required to convert 
the RPM and pressure sensor values to 
site values. These calculations are based 
on the size of the map selected (11x11 or 
15x15) and the minimum and maximum 
RPM and load values. Further calculations 
perform the interpolations for the advance 
and retard values between both the RPM 
and load sites. 


(1) The 4.7kQ resistor shown to the 
right of REG1 in Figs.8-13 last month 
should be 47kQ. 

(2) The 10k&2 resistor shown immedi- 
ately to the right of VR1 in Fig.10 should 


be 47kQ. 

(3) The resistor immediately to the right 
of Q4 in Figs.8-13 is 47kQ. 

(4) The parts list should show 3 x 
100nF MKT polyester capacitors (not 
1). A 10uF 16V PC electrolytic capacitor 
should also be added to the list. 
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The short term frequency stability of the 
GPS-Based Frequency Reference described 
in the March and April issues can be 
improved with some circuit changes, as 
described here. It’s also quite easy to add an 
RS-232C serial output, so the NMEA data 
stream from the GPS receiver module can be 
fed out to a PC for other purposes. 


By JIM ROWE 


FEW DAYS after the March issue 

of SILICON CHIP had been pub- 
lished with the first article describing 
the GPS-Based Frequency Reference, 
an email arrived from New Zealand 
reader Dr Bruce Griffiths advising 
that the method used for cascading 
the synchronous frequency dividers 
IC4, IC5 and IC6 was not the best 
way. Correcting this would improve 
the divider's reliability and hence the 
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short-term frequency stability. 

After studying the data, it turned 
out that Dr Griffiths was correct. Ás 
a result, I performed some “surgery” 
on the prototype reference, chang- 
ing the divider configuration over to 
one which should give more reliable 
synchronous division. Then I set it 
up again and let it run for a few days, 
while I monitored its operation. 

Sure enough the short-term stabil- 


Fig.1: adding a 
serial data output 
port to the GPS- 
Based Frequency 
Reference is easy. 
Here’s how to 

do it. 
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ity did seem to be better, although not 
dramatically so. The benefits were 
mainly in terms of reduced jitter in 
the “raw” PLL error correction voltage, 
before filtering. 


New PC board 


Now while it’s not too difficult 
to change the configuration on the 
original PC board by cutting tracks 
and soldering in short insulated wires 
underneath, I have revised the board 
design so that the job will be even 
easier if you get a board etched with 
the new pattern. These should be 
available from board manufacturers 
shortly. 

The revised divider circuit configu- 
ration is shown in Fig.2. The 10MHz 
clock signals coming from the crystal 
oscillator via buffer 1C3c are now fed 
directly to the clock inputs (CP pins 
2) of IC5 as well as IC4, and also to 
the clock inputs of IC6 (pins 1 & 5) via 
inverter IC3e. The inverter is needed 
because the flipflops in IC6 are nega- 
tive edge triggered, while IC4 and IC5 
are positive edge triggered. 

The TC (terminal count) output of 
IC4 now feeds into the CET (clock 
enable) input of IC5, to ensure more 
reliable synchronous count cascad- 
ing, while the TC output of IC5 is 
also fed to the J and K inputs of IC6a 
and IC6b (pins 14, 3, 7 & 10) for the 
same reason. As aresult, the complete 
synchronous division process down 
to 50kHz should now be significantly 
more reliable. 

Fig.3 shows how the revised main 
PC board is wired for this section of 
the circuit. The changes are all at the 
front righthand corner of the PC board, 
just behind CON1 and CON2. 
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Fig.2: the revised divider circuit 
configuration for the GPS-Based 
Frequency Reference. 


Wiring up the new divider configu- 
ration should be very easy if you use 
this diagram as a guide, instead ofthe 
corresponding section of the original 
overlay diagram. The same diagram 
should also help you if you're mak- 
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ing the change by operating on the 
original board. 


Want to add a serial port? 


A couple of other readers sent 
emails asking how easy it would be 


Fig.3: here’s how 
to wire the revised 
PC board. All the 
changes are in the 
bottom righthand 
corner, 
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to add a serial data output port to the 
GPS-Based Frequency Reference, so 
that the NMEA data stream coming 
from the GPS receiver module could 
be fed out to a PC — for synchronising 
real-time clocks and other purposes. 

As it happens, adding such a port is 
very easy. All that’s needed is to mount 
a DB9M connector on the rear panel 
in a suitable spot (say above CON3 
and CON4) and connect it to the main 
board via the simple inverting buffer 
circuit shown in Fig.1. As you can 
see, this involves only two resistors 
and one PN100 transistor, so it could 
be wired on a postage-stamp sized 
piece of matrix board and supported 
on the back of the DB9M connector 
by the wiring. 

There are only three connections 
to be made between this serial port 
circuit and the main PC board: one 
for the ground connection, one for the 
+5V line and the third for the buffered 
RS-232C GPS receiver’s data stream 
available from the output of IC14e 
(pin 10). This last signal is also con- 
veniently available via the wire link 
on the top of the main board, just to 
the rear of IC8 and its 100nF supply 
bypass capacitor (one of the two links 
just to the front of CON7). 

Soif you want to add a serial output 
port to the Frequency Reference to 
make the GPS data stream available for 
external use, that's how to doit. S€ 
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Vintage Radio 


By RODNEY CHAMPNESS, VK3UG wee | g ’ 


10am-5pm Ph: 457 


Radio museums can tell us much about our 
radio history, as well as preserving many 
worthwhile items that would otherwise be 
lost. One of the best is at Kurrajong in NSW, 


just west of Sydney. 


USEUMS CAN BE DUSTY, un- 

interesting places, particularly if 
the people running them know little 
about the exhibits and the presentation 
is poor, But that's not the case with a 
vintage radio museum I recently vis- 
ited in Kurrajong, NSW. It was run by 
an enthusiast named Jan O’Toole and 
is one of the best I’ve seen. 


How it started 


The start of this museum goes back 
many years. lan's father owned a news- 
agency in Newcastle in the 1950s and 
60s and Ian had the job of helping his 
father with the magazine returns. This 
is a boring job which involves return- 
ing either the front covers or the head- 
ings of magazines and newspapers for 
credit on the unsold items. 
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However, in 1955 when he was 10 
years old, one magazine stood out 
— “Radio & Hobbies”, which later be- 
came “Radio, TV & Hobbies” and then 
“Electronics Australia”. He quickly 
became interested in the magazine 
and eventually decided to try build- 
ing some of the projects described. In 
fact, 1 wonder how many other radio 
enthusiasts (both hobbyist and profes- 
sional) got their introduction to the 
radio field through “Radio & Hobbies”? 
I know I did. 

To start off, a semi-complete crystal 
set was purchased for ten shillings ($1) 
in 1955. And that was to be the start of 
a lifetime interest in radio and vintage 
radio equipment. 

Ian was fortunate to have a mentor 
for his radio interests in Bill Munn, a 


— + + 


ndio Museum 


local primary school teacher. Bill had 
an amateur radio licence and in 1967, 
Ian also qualified for an amateur's li- 
cence, obtaining the call-sign VK2ZIO 
which he still holds. This amateur 
radio licence has proved invaluable 
over the years, as it has allowed him 
to test many of his military radio 
transceivers on-air. 

After leaving school, Ian qualified as 
a primary school teacher and worked 
in many locations throughout NSW, 
before retiring in 2002 to the Sydney 
suburb of Castle Hill. Teaching kept 
the wolf from the door and provided 
the money for him to indulge his 
passion for collecting vintage radios. 
It was fortunate that he did because 
many of the items in his collection 
would now be impossible to obtain, 


The Kurrajong site 

Itis apparent that lan was bitten by 
the collecting bug well before most of 
us in the vintage radio field had even 
thought about it. By 2002, he had 
quite a sizeable collection and had a 
“museum of sorts” squeezed into a 5 
x 11-metre shed. However, there was 
no room to display the equipment — it 
was really just in storage. 

Determined to have a proper dis- 
play, lan began looking for potential 
sites and eventually found a property 
in a semi-rural environment in Kurra- 
jong which had considerable potential. 
It had been an old mushroom farm and 
had a large modern shed measuring 
about 24.4m long by 9.2m wide, with 
walls 6,1m high. 

There were also two houses joined 
together and a second, older shed 
roughly the same size as the new shed. 
In addition, there were numerous 
other sheds of varying sizes, so this 
place really was “shed heaven” — ideal 
for the museum. The location wasn't 
too far out in the sticks, being at the 
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foothills of the Blue Mountains, which 
meant Sydney residents could visit the 
museum when it opened. 

The height of the new shed wasn’t 
a problem, as Ian intended to install a 
mezzanine floor. The museum would 
then be housed on this upper floor, 
while the bottom floor would be used 
for storing radios and other material, 
and for mechanical restoration work. 
However, the museum would not take 
up the entire upper floor, as three 
rooms would be added to house a 
workshop/repair area (for electronics 
only), a broadcast studio and a room 
devoted to AWA equipment. 

Because the block is reasonably 
steep, the mezzanine floor entrance 
would be at ground level (following 
suitable earth works). Once the mu- 
seum building was nearing comple- 
tion, a demountable classroom was 
brought on site. This was fitted out as 
the entrance, toilet block and shop, 
with tables and chairs so visitors could 
sip coffee or tea and relax. 


700 items 


lan now had room to effectively dis- 
play 700 major items of radio history, 
while many other lesser items could 
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These World War 2 military radios were built by Astor Radio Corporation in 


Melbourne, Victoria. 


be stored on the bottom floor, below 
the museum. 

It took lan and his wife Patricia 
about six weeks and two trailer loads 
a day to shift all the items. Those 


items intended for the museum were 
put into a separate shed and at the 
end of six weeks, the doors could 
hardly be closed! The equipment was 
then gradually sorted and eventually 
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This is the radio station salvaged from the North Korean “drug ship” Pong Su. 


The ship was used subsequently by the RAAF for target practice. 


talkies” and backpack radios. 


brought back for assembly in the mu- 
seum building. 

According to lan, this process took 
them around three years from start to 
finish and they received lots of valu- 
able help from some very good amateur 
radio friends. 


Laying it out 
Once the museum shell was fin- 
ished, everything had to be laid out in 
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PACKS ‚== pi. 


This section of the museum houses a selection of World War 2 era “walkie 


a logical fashion. This also involved 
carefully planning the electrical wir- 
ing, as well as the many cables that 
would be necessary to connect anten- 
nas and audio lines, etc. 

lan's career as a primary school 
teacher proved invaluable in the 
design ofthe museum. As well as dis- 
playing lots ofinteresting equipment, 
it had to tell a story and be of interest 
to all ages. 


Over a period of many months, 
Ian set up the equipment and dis- 
plays, along with yellow information 
cards. Antennas were vitally impor- 
tant too, otherwise on-air displays 
would be a dismal failure. Jan in- 
stalled antennas to cover various fre- 
quency ranges, along with broadband 
amplifiers to provide enough signal 
for most of the receivers. 

The accompanying photographs 
show the wide variety of equipment 
on display. One area of particular 
interest is the Morse code training 
area, where people can try their hand 
at Morse code. The 12 listening posts 
are also interesting. These provide 
aural history lessons via pre-recorded 
information on CDs as follows: 

e Old radio serial introductions. 

@ Old radio advertisements. 

e A radio history channel. 

e Morse recorded off air (this 
goes to the two Morse training 
positions). 

@ A time and frequency channel 
(time signals from WWVH, 
Hawaii). 

e An aircraft channel — where 
aircraft flying the Pacific can be 
heard. 

e A School of the Air channel 
— listen to lessons as they 
happened. 

e A maritime channel — weather 
forecasts for shipping. 

0 An international broadcast 
channel featuring the 1950s & 
1960s. 

e Radio amateurs talking about 
radio restorations. 

e Amateur Radio NSW weekly 
broadcast 

e The VKS737 Outback Radio 
channel — hear travellers in 
outback Australia. 


Opening day 

It’s all very well to have a first-class 
museum but if no-one knows about it 
there will be no visitors. Fortunately, 
lan is a bit of a PR man and had been 
extolling the virtues of his new mu- 
seum for some time, particularly to 
amatour radio operators and to mem- 
bers of the Historical Radio Society 
of Australia (HRSA), to name but a 
few groups. 

It is always a smart move to get a 
well-known dignitary to open such 
a facility and Ian engaged the local 
Mayor of Hawkesbury City Council, 
Bart Basset, to do the honours. Bart is 
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a helicopter pilot and had a particular 
interest in the operational aviation 
radios on the day. 

The opening ceremony was held 
on Saturday 27th May 2006, with the 
museum officially opening to the pub- 
lic on Sunday 4th June 2006. Working 
closely with the council was important 
as they are able to help publicise the 
museum through their tourist informa- 
tion centre. 


The Pong Su 


So who or what was the “Pong Su”? 
Well, as you may remember, the Pong 
Su was a 3743-tonne North Korean 
freighter that was observed anchored 
in Australian waters off Lorne, Vic- 
toria on the night of April 15, 2003. 
Australian Federal Police observed 
the vessel and followed two suspects 
who appeared to have come from the 
ship. They were apprehended and 
found with 50kg of heroin in their 
possession. 

Ultimately, a total of 125kg of heroin 
was found and Australian authorities 
ordered the ship into harbour. The 
ship then endeavoured to escape 
into international waters and a 4-day 
chase ensued. It ended when Austral- 
ian Army Special Operations Forces 
boarded the ship from a helicopter 
and seized control. 

The ship was subsequently brought 
into Sydney harbour and the crew ar- 
rested. After all the legal action had 
been taken, the ship was stripped, 
towed out to sea and sunk by RAAF 
F-111 aircraft on 23rd March 2006. 

So what has this to do with lan's 
museum? Quite a bitactually! lan was 
able to secure the radio station from 
the Pong Su and it now forms the big- 
gest single display in the museum. Not 
many people have the opportunity to 
see the radio station from a large ship, 
as they are normally out of bounds to 
passengers. 

This particular radio station was 
manufactured by the Japanese com- 
pany Anritsu in 1980. It weighs close 
to 800kg and can basically be divided 
into two sections, The lefthand side 
contains the mandatory emergency 
equipment and is capable of being 
powered by the ship's 24V batteries. 
This equipment includes an emer- 
gency transmitter and a receiver for 
low-power communication on the MF 
and HF marine bands, along with a 
500kHz Auto Alarm receiver. 

The righthand side of the station 
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This history board has lots of information on the era preceding 1930, together 


with scrapbooks containing press clippings on radio station 2WS (1224kHz). 


contains the main receiver and trans- 
mitter. These were powered from the 
ship’s supply, with 100V AC for the 
receiver and transmitter frequency 
synthesiser and 440V AC 3-phase for 
the power amplifier. The latter uses a 
pair of 4CX250Bs as the output valves 
and these deliver 500W CW (Morse) 
on MF and HF. 

Ian could find no indication that 
the transmitter was used on any mode 
other than CW (HF) and MCW (MF). 


He says there is a lot of circuitry in the 
frequency synthesiser so there may be 
provision for SSB, although it certainly 
hasn’t been utilised in this particular 
installation. 

Both receivers are operational and 
cover 100kHz to 34MHz. The trans- 
mitters cover the 400-515kHz, 2MHz, 
4MHz, 6MHz, 8MHz, 12MHz, 16MHz, 
22MHz € 25MHz marine bands. 

Unfortunately, the VHF (156MHz) 
and radio direction finding (DF) equip- 
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lan O'Toole taking delivery of the 
1961 AWA 500W transmitters for his 
museum. 


ment had “disappeared” before lan 
obtained the station. However, he does 
have the ship's PA system, which has 
its own tuner and tape recorder, plus 
a cassette with a CW practice session 
(the ship's engines can be heard run- 
ning in the background). 


A quick tour 

So much for the specialist areas. 
Let's now take a quick look at the rest 
of the museum. 

First, there is a 1940 Palmavox 
Console Radio, which plays the Ar- 
gonaut's theme. Then there's the 1926 
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AWA CR6 & Kingsley AR7 HF aviation receivers. 


Vintage cars visiting vintage radios at the Kurrajong Radio Museum. 


crystal set, which astounds people 
with its quality. There are also many 
reel-to-reel tape recorders ready to be 
demonstrated, along with cartridge 
machines and cassette players. 

The working radio studio control 
room is quite an experience; there are 
10 display boards illustrating radio 
history from the very beginning until 
the end of WW2; there's a special room 
for the AWA Company and it’s prod- 
ucts; there is a 12-minute video “AWA 
and the War”; there are operational 
teleprinters; and there is a long wall of 
armed service/professional radios. 

A special display shows the his- 
tory of domestic radios. There is also 
a display of WW2 spy radios (I'd be 
particularly interested in these). In 


Scouts tune in at the listening booths. 


short, there is a vast array of radio 
equipment on display and it continues 
to grow. 


The shop 


The shop not only provides light 
refreshments to visiting groups (by 
arrangement) but also sells DVDs, CDs 
and some books, There are also some 
small curios, including FT243 crystal 
cases and metal 6H6 valves mounted 
on wooden bases. 


Where is it? 

The Kurrajong Radio Museum is 
located at 842 Bell’s Line of Road, 
Kurrajong Hills, 2758. If you are ap- 
proaching from Sydney, you will have 
to cross the Hawkesbury River at North 
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Photo Gallery: Gladiola 1932 TRF Receiver 


Since 1939 
Multicore has 
been the 
world leader 
for soldering 
materials 


Prime Electronics, their sole 
distributor in Australia, carries 
extensive stock of most 
Multicore products in both 
Tin/Lead and Lead-Free. 

This includes Solder Wire, 
Solder Paste and Gel £ Liquid 


Flux. 


Prime Electronics is also the 
sole Australian distributor for 
Loctite® electronics products. 


THE GLADIOLA COMPANY OF ADELAIDE was one of Australia’s smaller 
radio manufacturers. The set shown here is a 3-valve TRF receiver and was 
manufactured in 1932. It was housed in an upright wooden cabinet and used 
the following valve types: 57 detector, 2A5 audio output and 80 rectifier. 


Photo: Historical Radio Society of Australia, Inc. 


Richmond. As you come off the bridge 
the museum is 8.42km ahead on the 
righthand side of the road, between 
Kurrajong and Kurrajong Heights (look 
for the Kurrajong Radio Museum signs 
on the property). 

If you want more precise instruc- 
tions, visit their web page at www. 
vk2bv.org/museuny or just enter “Kur- 
rajong Radio Museum” into the Google 
search engine. The museum is usually 
open on Saturdays and Sundays from 
10am to 5pm and at other times by 
special arrangement. The cost is $10 
per adult and $5 per child. 


Summary 


The Kurrajong Radio Museum does 
an excellent job when it comes to 
displaying and preserving many im- 
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portant aspects of our vintage radio 
heritage. 

However, lan is always on the look- 
out for more items that may be suit- 
able for the museum. In fact, he has 
just recently obtained two broadcast- 
band 500W transmitters (circa 1961) 
and these are shown together in one 
of the photos, loaded onto his trailer 
before transport to the museum. He 
only needs a large antenna to go with 
them and he will have a complete 
broadcasting station! 

In short, lan and Patricia O'Toole's 
museum is a welcome addition to the 
local Hawkesbury area as a tourist 
attraction and an educational facility. 
It’s much more than just a collection 
of old radios and is well worth seeing 
and supporting. SC 


Contact 


Prime - Sydney (02) 9704 9000 
Prime - Brisbane (07) 3252 7466 


or email us: 


sales@prime-electronics.com.au 
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*Oatlay Electronics 


Last month, we presented the High-Power Reversible DC Motor 
Speed Controller. Here is a companion controller which works 
with a motorcycle-style throttle control. It also features a forward/ 


reverse switch to control the motor direction. 


AST MONTHS DC Motor Speed 
Controller was designed to work 
from a joystick or a potentiometer 
that is normally centred. This has the 
virtue of simplicity but having the 
motor speed and direction under the 
control of a single potentiometer can 
be a problem in some applications. 
Therefore, this companion design was 
produced to allow a potentiometer to 
control only the motor speed while 
the motor direction is controlled by a 
forward/reverse toggle switch. 
Furthermore, the potentiometer can 
be substituted with a spring-loaded 
motorcycle-style throttle control which 
could be just the ideal solution for 
applications like electric scooters, 
Go-karts, etc. This throttle control 
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is shown in the photographs in this 
article. 

The motorcycle-style throttle is 
based on a magnet and a Hall-effect 
IC to derive a control voltage. The 
more you rotate the throttle against its 
spring tension, the higher the control 
voltage fed to the input of the Throttle 
Interface circuit. 


Circuit details 


In effect, the interface circuit emu- 
lates the effect of the 10kQ speed con- 
trol pot used in last month’s circuit. 
The DC voltage from the wiper of that 
10kQ speed pot determines the motor 
speed and direction. When the poten- 
tiometer is centred, the wiper voltage 
is +4.4V; when set for the maximum 


forward speed, this voltage is +6.4V 
and when set for maximum reverse 
speed it is +2V. 

In order for the motor to go in the 
forward direction only, the control 
voltage range must be from +4.2V 
(motor stationary) to +6.4V (maximum 
speed). Similarly, for the reverse direc- 
tion, the control voltage has to vary 
from +4.2V (stationary) to +2V for 
maximum speed. Therefore, the volt- 
age range needed in both directions is 
around 2.2V. So the Throttle Interface 
circuit of Fig.1 has to produce this 
voltage range. 

In essence, the circuit of Fig.1 uses 
two op amps as a voltage level trans- 
lator and some CMOS analog gates to 
provide the forward-reverse function, 
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CLOSED = REV 


se SPEED CONTROL FOR DG MOTORS throne interrace 


This Hall-effect throttle works just like the spring-loaded throttle on a 
motorcycle. It’s ideal for use on electric scooters and Go-karts, etc. 


Let’s have a look at how it works. 

Consider a 10kQ potentiometer con- 
nected to the input of the circuit so 
that its wiper is point C. If the poten- 
tiometer (or the alternative Hall-effect 
throttle control) is rotated over its full 
range, the voltage at the C input can 
vary between +1.6V and +6.8V. The 
attenuator comprising the 56kQ and 
68kQ resistors reduces this range to 
between +0.65V and +2.8V. This is 
almost exactly the required control 
voltage range of around 2.2V. 

This voltage is fed to op amp IC1a 
which is connected as a unity gain 
buffer (ie, the input and output volt- 
ages will be the same). So its output 


range will still be between +0.65V 
and +2.8V. 

Transistor Q1, in conjunction with 
diodes Di & D2, is connected as a 
constant current source with deliv- 
ers 3mA into the output of ICla via 
a 1.2kQ resistor (a buffer can act as a 
sink or a source and in this case we 
are forcing ICla to “swallow” 3mA 
while maintaining a constant output 
voltage). The result is that the output 
voltage range at the collector of Q1 is 
exactly 3.6V above the voltage at pin 1 
of IC1a. And guess what? That means 
the voltage range at the collector of Q1 
will be between +4.25V and +6.4V. 

This is exactly the voltage range of 


FORWARD 
+4,4- 6.4V, 
REVERSE 
+4.4 -2V 


56k 


10uF 


IC2; 4066B 


1N4148 


=E 


Fig.1: this is the interface circuit for the Hall-effect throttle. Op amps IC1a & IC1b provide voltage level translation, 
while CMOS gates IC2a-IC2d provide the necessary switching for the forward-reverse function. 
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Parts List 


1 PC board, code K244, 50 x 
67mm 

2 2-way 5mm screw terminal 
blocks 

2 3-way 5mm screw terminal 
blocks 

1 20kQ trimpot (VR 1) 

1 10022 trimpot (VR2) 


Semiconductors 

1 M5223P low-voltage dual op 
amp (IC1) 

1 4066 quad analog switch (102) 

1 C8550 PNP transistor 

2 1N4148 signal diodes (D1, D2) 

1 3mm green LED (LED1) 


Capacitors 

2 10uF 35V PC electrolytic 

2 15nF (.015pF) ceramic 
or metallised polyester 


(greencap) 


Resistors (0.25W, 1% or 5%) 
2 100kQ2 1 1.8kQ 

4 56k(2 1 1.2kQ 

2 39kQ2 2 1k0 

1 22kQ 11202 

1 2.7kQ 


Kit availability 

This Throttle Interface project was 
produced by Oatley Electronics 
who own the design copyright. Kits 
(Cat. K244) can be purchased from 
Oatley Electronics Pty Ltd, PO Box 
89, Oatley, NSW 2223. 

The kit includes the PC board and 
allon-board components only. The 
Hall-effect throttle (Cat.Throt2) 
can be purchased separately from 
Oatley Electronics. See their web- 
site at: 
http:/Awww.oatleyelectronics.com 
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GND C2 +8V 


Fig.2: follow this parts layout to build the PC board. Make sure that all 
polarised parts are correctly oriented (ie, the ICs, diodes, Q1, LED1 and 


the electrolytic capacitors). 


diagram (Fig.3) for the external wiring connections. 


the speed control pot in last month’s 
circuit. So that’s the forward control 
voltage range provided for. 

What about the reverse control volt- 
age range? This is provided by op amp 
IC1b which is configured as a unity 
gain inverting buffer with a reference 
voltage of +4.4V connected to its non- 
inverting input (pin 5). By inverting 
the voltage appearing at the collector 
of Q1, it produces the required reverse 
control range of +4.4V to +2V. 


TableninesistolmGolourGodes, 


5-Band Code (1%) 

brown black black orange brown 
green blue black red brown 
orange white black red brown 
red red black red brown 

red violet black brown brown 
brown grey black brown brown 
brown red black brown brown 
brown black black brown brown 
brown red black black brown 


4-Band Code (1%) 

brown black yellow brown 
green blue orange brown 
orange white orange brown 
red red orange brown 

red violet red brown 

brown grey red brown 
brown red red brown 
brown black red brown 
brown red brown brown 


Now that we have the required volt- 
age ranges for forward and reverse mo- 
tor control of last month’s circuit, we 
only need some CMOS gates to select 
the correct output from the collector of 
Q1 or the output of IC1b. This function 
is provided by the analog gates in IC2, 
under the control of switch $1. This 
works as follows. 

First, consider that switch S1 is 
open. This allows the control inputs of 
IC2a, IC2b & IC2c to be pulled “high” 
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by the associated 100kQ resistor and 
therefore all these switches are “on”. 
IC2b lights LED1, indicating a forward 
direction. The voltage at pin 2 of IC2a 
is “low” and therefore switch 1C2d is 
“off”. Since IC2c is “on”, the forward 
control voltage from the collector of 
Q1 is applied to output terminal C2 
via the 56kQ resistor. The time delay 
provided by the 56kQ and the 10uF 
capacitor is included to prevent any 
sudden changes in speed. 

If switch S2 is now closed (ie, ter- 
minal D2 is grounded), the control 
inputs of IC2a, IC2b & IC2c are pulled 
low, switching those gates off and 
IC2d “on”, This connects the revers- 
ing voltage from the output of IC1b 
to output C2 via the abovementioned 
56kQ resistor. 

So there you are. That’s how to use 
two op amps and four GMOS gates to 


Chemical Technology 
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Hall-effect throttle. 


HALL EFFECT THROTTLE 


do the job of the 10k% speed poten- 
tiometer from last month's circuit. 
Well, that's not quite right because we 
wanted to change the function but you 
now have the picture. 

The only wrinkle to be added is 
that the low output voltage required 
from ICla (ie, +0.65V or less) means 
that an ordinary dual op amp would 
not do the job. Instead, an M5223P 
low-voltage dual op amp is specified 
for this task. 


Construction 

All the components for the Throt- 
tle Interface, with the exception of 
the Throttle Control itself (or 10kQ 
potentiometer VR3) and switch S1, 
are mounted on a PC board measuring 
50x 67mm. The component overlay is 
shown in Fig.2. 

It is easiest to fit the components to 


Fig.3: the interface board connects between the Hall-effect 
throttle and the DC Motor Speed Controller board as shown 
here. Alternatively, you can use a 10kQ pot instead of the 


+10V - 30V 


SUPPLY 


the PC board in order of height. Start 
with signal diodes D1 & D2 and fin- 
ish with the electrolytic capacitors, 
soldering and trimming the leads of 
each component as you go. Make sure 
the ICs and electrolytic capacitors go 
in the right way around. 


Testing & adjusting 

Before you can check the operation 
of the Throttle Interface, you need to 
have assembled and checked the op- 
eration of the DC Motor Speed Control- 
ler presented last month. In particular, 
you should connect it as shown last 
month, with a 10kQ potentiometer 
connected to the B, C & D terminals 
of the PC board. 

You also need to check that +8V is 
available at the output terminal on the 
main PC board. 

With those checks verified, you can 


ELECTRO CHEMICALS 


° Dust Off ° Freezing Spray * Electronic Cleaning Solvent No. | 


ə Electronic Circuit Board Cleaner ° Electrical Contact Cleaner Lubricant 


° Video Head Cleaner ° Ultrasonic Bath Cleaner ° Isopropyl! Alcohol 
e Protek ° Contact Treatment Grease * Contact Treatment Oil 
e Solvent Diluted Oil * Contact Cleaning Strip * Circuit Board Lacquer 
e Q43 - Silicon Grease Compound ° Heat Sink Compound 


Contact us to find your nearest distributor: 
sales@rfoot.com.au Tel: 02 9979 8311 Fax: 02 9979 8098 
Richard Foot Pty Ltd, 14/2 Apollo Street, Warriewood NSW 2102 
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Switchmode H-bridge: 
How It Works 


As noted last month, the DC Motor 
Speed Controller relies on a switch- 
mode H-bridge employing tour Mos- 
fets. The relevant part of the circuit is 
shown in Fig.4. 

Only two Mosfets are turned on at 
any one time. For example, to drive 
the motor in the forward direction, 
Q7 4 Q6 would be “on” while Q5 4 
Q8 would be “off”. Similarly, to drive 
the motor in the reverse direction, Q5 
& Q8 would be “on” while Q7 € Q6 
would be “off”. 

Furthermore, to turn on the upper 
Mosfets (ie, Q5 or Q7), a much higher 
gate voltage is required, as explained 
last month. This is demonstrated in 
the accompanying scope screen 
shots. For example, Scope 1 shows 
the gate voltage signals needed to 
turn on Q5 & Q8 while keeping Q7 
& Q6 “off”. 

The higher amplitude yellow trace 
is the gate signal to Q5 and the lower 
amplitude blue trace is the gate signal 
to Q8. The purple trace and hidden 
green trace are the OV gate signals 
to Q6 & Q8, keeping them “off”. 

Scope 2 shows the gate signals 
for reverse operation, where Q7 & 
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SCOPE 1 


connect the Throttle Interface board 
to the main PC board, as shown in 
Fig.3. 

If you use a “Hall-effect” throttle 
(from Oatley Electronics), it has to 
be connected to the “T1”, “T2” & 
“C” terminals. If you use a standard 
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11. OV 


+10-30Y 
SUPPLY 


MOTOR 1 
MOTOR 2 
SUPPLY 


OV/GND 


7 GB 
Y SDB85NO3L 


Fig.4: the switchmode H-bridge output stage of the DC Motor Speed Controller 
employs four power Mosfets but only two are turned on at any one time. Q7 

£ Q6 are turned on to drive the motor in one direction, while Q5 £ Q8 are 
turned on to drive the motor in the other direction. 


Q6 are “on”. The higher amplitude 
purple trace is the gate signal to Q7 
and the lower amplitude green trace 
in the gate signal to Q6. 

The yellow and hidden blue traces 


Measure item 


Paak-Peak 


Min/Max 
UIT |) Un E NC TKO 


potentiometer, it has to be connected 
to the “P1”, “P2” £ “C” terminals. Do 
not connect both the 10k% pot and the 
Hall Effect throttle. 

A motor should be connected, to 
check overall operation. First, adjust 
VR1 so that the motor stops when the 


show the OV gate signals to Q5 & 
Q8, keeping them off. In both scope 
screen shots the duty cycle of the gate 
signals is about 60%, corresponding 
to about half-speed operation. 


Abin’ 
B2onv 
14,74 
12 0V 


Dr THO 


E 11. OVuts . Wis 
TY oi ike Epe - 


throttle (or pot.) is at its minimum 
speed setting and the switch is set for 
the Forward direction. That done, ad- 
just VR2 so that the motor stops when 
the throttle (or pot.) is at its minimum 
speed setting and the switch is set for 
the Reverse direction. SC 
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ASK SILICON CHIP 


Got a technical problem? Can't understand a piece of jargon or some technical principle? Drop us a line 
and we’ll answer your question. Write to: Ask Silicon Chip, PO Box 139, Collaroy Beach, NSW 2097 or 


send an email to silchip@siliconchip.com.au 


Upgrading the SC480 


amplifier module 


I built a couple of SC480 amplifiers 
a couple of years ago and they are still 
going strong and have never given any 
problems. However, Iam an incurable 
tinkerer and wish to upgrade the out- 
put power transistors. 

I heard a report from someone who 
used MJL15024/15025s with very good 
results, however I built the “plastic” 
version so I would need something 
with a TO-218 case. Also you men- 
tioned MJL21193/4 and MJL1302A & 
MJL3281A in the original article. Can 
you recommend a particular transistor 
pair as a suitable starting point? 

I know the measured performance 

of the stock amplifier is fantastic but I 
want to try a few tweaks. After all, that 
is the fun of DIY! Do you have a view 
on changing the quiescent current? (K. 
W., Newport, Vic). 
e The only transistors we would 
suggest for an upgrade would be 
MJ21193/4, Leave the quiescent cur- 
rent at the specified setting. 


Old EA frequency 


reference kit wanted 


Pm after a pre-loved EA kit and that’s 
the Low-Cost TV-Derived Frequency 
Reference, published in Electronics 
Australia in the October & November 


I have been using a Remote Con- 
trol Extender as published in SIl- 
CON CHIP, October 2006. Recently, I 
upgraded my Optus analog TV to 
digital (using Foxtel equipment). 

Initially, they installed a standard 
digital set-top box as the IQ boxes 
were out of stock, Immediately, the 
remote control barely worked via 
the extender, with maybe one trigger 
for every 10-20 presses. As soon as 
they swapped the box over to the 
IQ, the extender stopped working 
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1993 issues, by Jim Rowe. The kit’s PC 
board number is 93TVF8. 

Ideally, Pd prefer a working unit 
in its case but a “dead-un” would be 
considered. It's part of my excursion 
into high-precision and digital HF and 
VHF transmission techniques. It’s a 
strange world looking at millihertz 
stabilities of TV carriers and E-layer 
ionospheric Doppler shifts. 

Could any readers please let me 
know the pickup suburb/state and 
asking price on 0411 232 734. (C. S., 
Beacon Hill, NSW). 


Modification to PIR 
sensor lights 


I have a surveillance system at 
home. One of the features of this sys- 
tem is reliant on a sensor light and a 
relay that starts my video recorder. 
This works well until we get a mo- 
mentary power failure. Most sensor 
lights have a feature that allows you 
to momentarily switch the power off 
and on so as to leave the light on. To 
return to sensor light mode, you have 
to switch off for about 20 seconds, then 
switch back on. 

Is there a chance that one of your 
boffins could devise a circuit to allow 
the sensor light to return to sensor light 
status after a momentary power inter- 
ruption? I would envisage an override 
switch if you wish to have the sensor 


light work normally. In addition to my 
needs, this would save people coming 
back from holidays and finding that the 
day they left on their 6-month journey, 
the power glitched and they’ve paid 
a bigger electricity bill than otherwise 
and contributed to global warming. 
It’s the simple things like this 
that drive me to buy and read your 
magazine and I hope that this could 
“spark” an article for me to build. (N. 
O., Moruya, NSW). 
e That is an interesting suggestion 
but it would not be easy to implement. 
As you point out, these sensor lights 
do have a drawback with momentary 
power interruption. A more practical 
solution is to use a separate PIR sen- 
sor with relay output to switch the 
security light. 


Smart card reader 


is mute 

I purchased and built the Smart Card 
Reader/Programmer project from the 
July 2003 issue of SILICON CHIP but it 
does not work. The unit powers up 
and has both LEDs lit until Windows 
loads. Then the red LED goes out and 
the unit will not work. 

I have tried it on three different 
computers with Windows 98, Me & 
XP loaded and used several different 
COM port cables, all to no avail. The 
several card writer programs cannot 


aS Not Work With 


altogether, with not even a flicker 
from the receive confirm LED, 

I have done a few tests on my 
Tektronix scope and found that the 
original analog remote carrier was 
on about 38.17kHz. The new digital 
remote is carried on almost exactly 
36kHz. Is there any way to modify 
the circuit to allow for the 36kHz 
carrier frequency without losing the 
38kHz ability? (S. T., via email). 

e The carrier frequency can only 
be set to one value at a time and so 


the Remote Control Extender may 
not work with both 36kHz and 
38kHz remotes at the same time 
without readjusting the carrier ad- 
just trimpot VR1. You may be able 
to compromise with the adjustment 
so both remotes (with 36kHz and 
38kHz carriers) work by setting 
the carrier between the 36kHz and 
38kHz frequencies (eg, to 37kHz). 

Ideally, however, you need two 
Remote Control Extenders to cover 
both carrier frequencies. 
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I would like to suggest a regulated 
split rail power supply project for 
audio amplifiers. The design should 
have an adjustable voltage of as 
wide a range as possible but should 
be able to go up to +37V and at least 
3A of current. 

There are many audio amplifier 
designs which I would imagine 
could benefit from the addition ofa 
quality regulated supply, especially 
those with a high continuous cur- 
rent draw (such as class-A designs). 
The main reason I want a regulated 
supply is to get that extra bit of 
quality from the amplifier — to lower 
distortion. I would have thought 
that it would be impossible for any 
amplifier to have zero distortion 
(theoretically) unless the supply 
had a constant unvarying voltage. 

The design should be able to be 
used for amplifiers in the small to 
mid-power range (say up to 60W) 
and perhaps the design could allow 


work unless the card writer works. 

Can you give me some advice as to 
how to get the unit working please? G. 
E., via email). 
è Firstup, note that you need a “pin- 
to-pin” serial cable for connection to a 
free 9-pin serial port on your PC. 

Also, you mention that the project 
did not work with “several card writer 
programs”. We have no knowledge 
of the project's use with any card 
writer programs other than the one 
described in the original article. This 
was IC-Prog, available from www. 
ic-prog.com 

To test your completed project, use 
IC-Prog and follow the steps exactly 
as given in the instructions. In our 
experience, the most common problem 
is a fault in the gold card rather than 
in the project. 


Class-D amplifiers 
get hot 


Recently I was in the market for a 
modest home theatre amplifier to re- 
place my Panasonic SA-HT70 which is 
rather large and clunky, has an inbuilt 
and unhackable DVD player, and lacks 
any auxiliary input for the internal 
surround decoder circuitry. 
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Regulated Power Supply. For Amplifiers Wanted 


for a variable number of pass tran- 
sistors to allow the current capacity 
to scale with the intended use. (P. 
T., via email). 

e We have already designed a 
dual-rail fully regulated supply for 
amplifiers, in the August 1998 is- 
sue. It was used to power the 15W 
Class-A Stereo Amplifier. 

As published, it delivered +20V 
but it could be made adjustable, 
depending on the transformer input 
voltage. However, we do not regard 
such a power supply as providing 
any advantage for most class-B 
amplifier designs. 

For a start, typical class B ampli- 
fiers have a PSRR (power supply 
rejection ratio) of 100dB or more, 
over a wide frequency range. This 
means that the supply rails can 
have quite large fluctuations with 
negligible effect on the amplifier’s 
waveform and distortion perform- 
ance. There is also no advantage in 


I was interested in a couple of very 
low-profile and fully-featured JVC 
models and searched the web for 
reviews. Apart from some negative 
comments about their automatic set- 
up features, the most common thread 
was the large amount of heat they 
produce, even when idling! That put 
me right off the products. 

While browsing in K-Mart one day 
I came upon a Sansui SANO310 am- 
plifier complete with five surround 
speakers and a subwoofer for the 
princely sum of $129.00! “Can't go 
wrong at that price”, I thought, and 
made my purchase. 

I left the original Panasonic speak- 
ers in place and connected the new 
amplifier, taking immediate advantage 
of the coaxial and optical inputs. The 
Sansui amplifier gives a good account 
of itself as far as sound level goes but 
the lack of tone controls and the most 
bizarre “DSP” reverb effects I have 
ever heard (why would anyone listen 
to a movie in a mineshaft full of cot- 
ton-wool or in an empty cathedral?) 
make me sad when I think back to the 
excellent Sansui hifi gear of the 1970s 
and 1980s. 

Anyway, you do get what you pay 
for, so I’m not complaining about that. 


terms of residual hum and noise 
from the amplifier itself. Provided 
the supply voltage does not droop 
so low that the amplifier is pushed 
into clipping, the fluctuations will 
have negligible effect. Amplifier 
designers have been depending on 
this factor for decades. 

In fact, there is a disadvantage in 
terms of power output. Any normal 
class B amplifier will have consid- 
erably higher music power output 
than its continuous power output 
(the ratio is referred to as “dynamic 
headroom”) if it is used with an 
unregulated power supply. That is 
why all commercial amplifiers do 
not have regulated supplies. 

Making the supply adjustable to 
cover a range of output voltages also 
presents a difficulty because if the 
supply is to have a big difference 
between the input and output DC 
voltages, it will need big heatsinks 
to dissipate the waste heat. 


What I do find objectionable is the 
large amount of heat the Sansui ampli- 
fier (and apparently the JVC class-D 
units) produce all the time. Even when 
‘Off’ it gets quite hot, too hot for any 
gear sitting on top of it. 

When the unit is turned off by the IR 
remote, the power LED blinks slowly 
— just what you need in front of your 
face when you're not using it. There 
is a power switch on the front panel 
which disconnects the power but un- 
fortunately all your settings for delay, 
etc are lost when you power off this 
way. This Sansui amplifier will not 
have a long career in my set-up but 
will suffice for the time being. 

[have not studied class-D much but I 
assume that the heat is being produced 
by the switchmode power supply, the 
class-D switching transistors and the 
low-pass filters in the six power am- 
plifiers. How can it be claimed that 
class-D is 80% or so efficient when 
it wastes power so freely? This is an 
outrage in these times when we should 
be conserving energy. 

P'd be most interested to hear your 
views on this topic. (J. R., via email). 
e If your amplifier is 80% efficient 
at full output, that means that around 
40W will be dissipated in the case 
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Connecting/RIRtSensorsiToJAn/Alarm 


lam a year-12 student at Ulladulla 
High School doing electronics and I 
am about to start my major project. 
It is going to be the PC-Controlled 
Burglar Alarm from the February 
2006 issue of SILICON CHIP. 

Ihave a problem with the PIRs for 
the sensors. They have a positive, 
negative and two alarm terminals. 
By contrast, the PC board in your 
magazine has positive, negative and 
one terminal for the alarm signal. 

Does this mean that I put the two 
leads out of the PIR into the one 
on the board or do [ need different 
PIRs? (N. P., Ulladulla, NSW). 

O Many sensors have four termi- 
nals. Two terminals provide power 


when everything is going flat chat, But 
at idle, you could well have 15-20W 
being dissipated in the case and if there 
are no conventional heatsinks on the 
outside or an internal fan, that means 
that it will become pretty warm. 

However, there does not seem to be 
any good reason why the unit should 
still get hot when it is in standby 
mode. It may be that the power supply 
it quite simple and does not have a 
low-power rail to run the micro when 
it is “asleep”. 


Speed controller 
for a Go-Kart 


I have built an electric Go-Kart for 
my two young boys. It is powered by 
two 24V 300W motors, one driving 
each rear wheel via a 2-stage chain 
reduction with the overall ratio chosen 
to limit top speed to about 12km/h. 

In use, the motors easily reach their 
rated RPM even with an adult aboard, 
do not blow the 40A supply fuse and 
are not overly warm even after 30 min- 
utes or so of use. So I am satisfied that 
the motors are working well within 
their ratings. 

The speed controller used was 
originally constructed many years 
ago using a combination ofideas from 
various “Electronics Australia” and 
SILICON CHIP train controllers, The 
controller was originally used with a 
much smaller motor, with only three 
FETs, and was actually only used a 
few times. 
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for the sensor’s internal circuits and 
are often marked “+” (positive) and 
“-” (negative). These two terminals 
connect to the “+12V” and “GND” 
outputs on the alarm board. 

The second two terminals provide 
“normally open” (NO) and “normal- 
ly closed” (NC) outputs. Only one of 
these must be connected and it's not 
important which one you choose. 
As described in the article, the NO 
or NC output of the sensor connects 
to one of the “ZONE” inputs on the 
alarm board. 

When running the alarm soft- 
ware, be sure to select “N/O” or 
“N/C” in the “Configuration” panel 
to match the sensor wiring. 


When the controller was modified 
to suit the current application, the 
output stage was revised to include 
a 4093 and eight FETs. The FETs are 
mounted as two groups of four on 
two separate heatsinks but drive both 
motors connected in parallel. Reverse 
is provided via a heavy-duty relay. 
The idea of using the 4093 and eight 
FETs was based on information gained 
from reading some recent articles in 
SILICON CHIP. 

The Go-Kart has been used many 
times over the last three or four months 
and is a “hit” with the boys but on two 
recent occasions the speed controller 
has failed. On both occasions, it is the 
output(s) from the 4093 driving the 
FET gates that has failed. The FETs test 
OK and no other components appear 
to have suffered. 

As the same failure has occurred 

twice, I suspect that I have a design 
problem. The latest failure occurred on 
a fairly hot day so the problem may be 
temperature related. Can you suggest 
a fix? (A. C, Boronia Vic). 
e As far as the circuit is concerned 
you are correct in saying the 4093 
outputs are being overloaded. The 
outputs could be damaged in several 
ways. Firstly, the transient current 
required to drive four FET gates at the 
same time would be quite high. 

The second and the most likely 
cause of the damage is that the switch- 
ing transients at the FET drains can 
be coupled back to the gates (capaci- 
tively) to cause 4093 output damage. 


Want a real speed 
controller kit? 


If you need to control 

12 or 24 volt DC 

motors and 

want a 

speed 

controller 

that will easily 

handle 30 amps, 

then this is the kit for you. 


This controller allows you to vary the 
speed of DC motors from 0 to 100%, It 


is also ideal for controlling loads such 
as incandescent/halogen lamps and 
heating elements. 


This kit makes a great controller for 
use on small electric vehicle projects, 
such as electrically assisted bikes and 
go-carts. We have tested it to over 30 
amps without problems—it barely gets 
warm! ltem code: SPEEDCON. 


We also have solar maximiser kits, 
Luxeon LEDs, and lots of interesting 
products and publications. 


Go to shop.ata.org.au or call 
us on (03)9639 1500. 


Patent 
and 
Irade Mark 
Attorney 


Dr Lance Roman-Miller s pno 


www.BluePatents.com 
contact@BluePatents.com 


Tel: 
0403 725 791 


May 2007 99 


Have you ever designed a project 
that converts a miniature or portable 
B&W TV into an oscilloscope? It 
doesn’t have to be fancy but just has 
to have some accuracy. Would this 
be possible? (K. S., Adelaide, SA). 
@ A TV CRO Adaptor was pub- 
lished by “Electronics Australia” 
in the May 1980 issue. Thisis only 
good for audio signals up to about 
20kHz or so and is not calibrated. 

These days, a much more prac- 
tical approach would be to use 


Thirdly, the gates of each FET are 
not isolated using 104 resistors (one 
resistor should be in each gate); the 
FETs tend to oscillate at switch-on 
without them. 

As a minimum, we would recom- 
mend 10Q gate resistors for each FET 
and a 12V zener diode between each 
gate and ground to clamp voltages 
above 12V. Further reliability would 
be gained by using the 4093 outputs 
to drive a complementary transistor 
buffer comprising a BC337 and BC327. 
The NPN BC337 transistor would 
have its collector to +12V and the 
PNP BC327 transistor would have its 
collector to OV (ground). 


Car radio 


noise cure 

I noticed the letter asking for help 
with AM car radio noise in “Ask 
SILICON CHIP”, January 2007. The usual 
cause for this is due to poor earthing 
to the car body at the antenna. (D. A., 
via email). 


our sound card interface for PCs 
together with software available 
over the internet to give a much 
better instrument. Two articles on 
this subject were published in the 
August 2002 issue of SILICON CHIP, 
together with a follow-up Circuit 
Notebook modification in May 
2003. 

By the way, Dick Smith Electron- 
ics has a 10MHz single-channel 
oscilloscope (Cat. Q1803) available 
for just $128.00 


Serial I/O Controller & 
Analog Sampler 


I want to use the Serial I/O Con- 
troller & Analog Sampler featured in 
November 2005 to monitor and control 
the charge/discharge of some large bat- 
teries, a total of 48VDC at 700A. 

I want to monitor both temperature 
and voltage and switch the load and 
the charger during daylight and at 
night. To do this, I need to be able to 
locate the temperature sensor and LDR 
remotely. Is this OK or will long leads 
(up to five metres) cause a problem? 

Also, what do I need to do to moni- 
tor up to 52V DC at the analog input 
port (normally 25V DC max)? Do l use 
a voltage divider? I assume software 
changes would be required in the Win- 
dows program as well but what about 
the PIC code? (K. K., via email). 

@ You should be able to mount the 
LDR remotely if you use shielded cable 
for the connection. Miniature 2-core 
microphone cable would be suitable. 
Wire the cable shield to ground. A 


Programmable Ignition System 
For Cars Pt.2, April 2007: there 
are several corrections to the 
paris overlays and parts list as 
follows. 

(1) the 4.7kQ resistor shown to 
the right of REG1 in Figs.8-13 
should be 47kQ. 

(2) the 10kQ resistor shown im- 
mediately to the right of VR1 in 
Fig.10 should be 47kQ. 

(3) the resistor immediately to 
the right of Q4 in Figs.8-13 is 
47kQ, 

(4) the parts list should show 3 x 
100nF MKT polyester capacitors 
(not 1). A 10uF 16V PC electro- 
lytic capacitor should also be 
added to the list. 


1kQ resistor in series with pin 3 of the 
microcontroller will help to protect it 
in the event of static discharge to the 
long cable run. 

The second analog input can be 
modified to accept 52V as follows: 
(1). replace the 330k resistor with 
110kQ. 

(2). replace the 100kQ trimpot (VR1) 
with a 2k® unit. 

(3). Break the track between VR1 € 
LED4 (the ground connection) and 
insert an 11kQ resistor in series with 
the pot. 

The above changes will give an 
input range of about 49V-59V. 

You will need to modify the Win- 
dows software to get the correct read- 
ing. The source code for the software 
is written in VB5. The PIC firmware 
should not require modification. SC 


SILICON CHIP magazine regularly describes projects which employ a mains power supply or produce high voltage. 
All such projects should be considered dangerous or even lethal if not used safely. 

Readers are warned that high voltage wiring should be carried out according to the instructions in the articles. 
When working on these projects use extreme care to ensure that you do not accidentally come into contact with 
mains AC voltages or high voltage DC. If you are not confident about working with projects employing mains voltages 
or other high voltages, you are advised not to attempt work on them. Silicon Chip Publications Pty Ltd disclaims any 
liability for damages should anyone be killed or injured while working on a project or circuit described in any issue 
of SILICON CHIP magazine. Devices or circuits described in SILICON CHIP may be covered by patents. SILICON 
CHIP disclaims any liability for the infringement of such patents by the manufacturing or selling of any such equip- 
ment. SILICON CHIP also disclaims any liability for projects which are used in such a way as to infringe relevant 


government reguiations and by-laws. 


Advertisers are warned that they are responsible for the content of all advertisements and that they must con- 
form to the Trade Practices Act 1974 or as subsequently amended and to any governmental regulations which are 


applicable. 


100 SILICON CHIP 


siliconchip.com.au 


MARKET CENTRE 


Cash in your surplus gear. Advertise it here in Silicon Chip. 


Visa Card [Master Card 


Enclosed is my cheque/money order for $ 


Card No. f | | | E 


Signature 


Name 
Street 
Suburb/town 


Phone: Fax: 
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FOR SALE 


More control solutions for you: 

NEW Radio Modules: Zigbee Radio 
Modem 1km, Bluetooth Serial Modem 
100m. 

NEW Ethernet Modules: Ethernet to 
RS232/RS422/RS485 1, 2, 4 & 8-port 
Modules. 

NEW Protocol Gateways: Lonworks 
to Modbus, Profibus to Modbus, Can 
(J1939) to Modbus, AB-DF1 to Modbus, 
Hart to Modbus and more. 

NEW M325 Microstepping Bipolar Step- 
per Driver only $99. 

NEW 5000z-in plus Stepper Motor: 
may not be the fastest motor on the 
block but it has real grunt. 

NEW USB 8 Relay and 4 isolated input 
card. 

NEW 20-Amp DC Motor Speed Con- 
troller. 

Low Cost Dual DC Amplifier Kit: 
perfect for Data Acquisition. Amplify 
signals from 1.5 to 10 or reduce signals 


www. siliconchip.com.au 


CLASSIFIED ADVERTISING RATES 


Advertising rates for these pages: Classified ads: $27.00 (incl. GST) for up to 20 
words pius 80 cents for each additional word. Display ads: $49.50 (incl. GST) per 
column centimetre (max. 10cm). Closing date: 5 weeks prior to month of sale. 
To book your classified ad, email the text to silicon @siliconchip.com.au and 
include your credit card details, or fax (02) 9939 2648, or post to Silicon Chip 
Classifieds, PO Box 139, Collaroy, NSW, Australia 2097. 
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Card expiry date A 


Posicode 


Email: 
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by a factor of 0.7 to 0.1. 

Electronic Thermostats with digital 
temperature display, 2 control relays. 
Can be used in heating and cooling. 
NTC thermistor or J T/C or Pt100 sen- 
sors. 

isolated and Non Isolated RS232 to 
RS485 converters. 

USB to RS422/RS485 converter with 
1500V isolation, RTS or Auto Data Flow 
control. 

Signal Conditioners — non isolated 
and isolated: Convert thermocouples, 
RTDs to 4-20mA or 0-10V. Fully pro- 
grammable. 

Stepper Motors: we have a selection 
of Stepper motors for hobby and high 
torque CNC applications. 

DC Motors for both hobby and high 
torque applications. 

DC, Stepper and Servo Motor control- 
ler kits. 

Serial and Parallel Port relay control- 
ler cards. 

PIC MicroProgrammers: serial and 
USB port operated. 


¡We also Stoe 
e Panel Antennas 

e Ceiling Antennas 

e Low-loss 502 cable 
e Connectors 

e Pigtails 

e Access Points 

o Masts 

e Amplifiers 

e Power-over-Ethernet 
e External Enclosures 

| ‘hil 


Universal serial device servers allow your 

industrial serial devices to be monitored 

from your network with PPPoE & : 
DONS protocols. They support Applications: 

firmware upgrade, web manage- %, Sosa pe cot AN 
ment and event alarm triggering 

using email and SMS for real- us Time recording qa 


ww Hospital automation 
time system management. a PLC instrument control 


fax. email or visit ou 


Printed Circuit Board Manufacture 
48-Hour service + High quality « Low prices 
; 1 offs to any quantity 


Artwork design if required 4 
o 9 0 Cail for obligation free quote... d SE $ 
o INSTANT PCBs, POBox 448, Avalon 2107 y 
Ph (02)9974 1189 Fax (02)9974 5 


Switch Mode, Battery Chargers and 
DC-DC converters. 

Full details and credit card ordering 
available at www.oceancontrols.com.au 
Helping to put you in control. 
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VIDEO - AUDIO - PG 


distribution amps - splitters 
digital standards converters - tbc's 
switchers - cables - adaptors 
genlockers - scan converters 
bulk vga cable - wallplates 


DVS5c & DVS5s 
High Performance 
Video / S-Video 

and Audio Splitters 


e . BREE EE 
1909909094000... 


Gaya es oo ve 
eecensooeane 
MD12 MediaDistribution Amplifier 


VGA Splitter 


Quest AV: 
r VGS2 


HQ VGA 
Cables 


AWP1 
AV Waliplate 


Quesl Electronics® Ply Limited abn 83 003 501 282 V'a Questronix 
Products, Specials & Pricelist at www.questronix.com.au 
fax (02) 4341 2795 phone (02) 4343 1970 
email: questav@questronix.com.au 


www. dontronics. com has 300 selected 
hardware and software products avail- 
able from over 40 world wide manufactur- 
ers, and authors. 

Olimex Development Boards & Tools: 
ARM, AVR, MAXQ, MSP430 and PIC. 
Atmel Programmers And Compilers: 
STK500, Codevision C, Bascom AVR, 
FED AVIDICY Pro, MikroElektronika Basic 
and Pascal, Flash File support, and boot 
loaders. 

PiCmicro Programmers And Compilers: 
microEngineering Labs USB programmers, 
adapters, and Basic Compilers, DIY (Kit- 
srus) USB programmers, MikroElektronika 
Basic, Pascal, DSpic Pascal Compilers, 
CCSC, FEDC, Hi-Tech C, MikroElektronika 
C, disassembler and hex tools. 

CAN: Lawicell CANUSB, CAN232 


FTDI: USB Family of IC 's. FT232RL, 
FT2452RL, also BL and others. 
4DSystems LCD/Graphics: Add VGA 
monitor, or OLED LCD to your micro. Simple 
Serial I/F. 

Heaps And Heaps Of USB Products: 
TTL, RS-232, RS-485, modules, cables, 
analyzers, CRO's. 

Popular Easysync USB To RS-232 
Cable: Works when the others fail. Only 
one recommended by CBUS. Money back 
guarantee. 


www.dontronics-shop.com 
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e More frequent updates - every 2.5 seconds! 
e More alarm settings — over 70 parameters! 
e More highs, lows and graphs — over 80 in all! 


With the Vantage Pro2 Weather Station 


you get incredibly detailed information on: 
Wind - direction and strength 

Rainfall — current, recent patterns etc. 
Temperature — current, wind chill, etc. 
Barometric pressure — current and trends 
Humidity € dewpoint — current and 24 hrs 
And your own local forecast. You'll be 
more accurate than the weather bureau! 
Available in wired or wireless models 
(wireless transmission up to 300m!) 


ECOWATCH 


Unit 5, 17 Southfork Dve Kilsyth, Vic 3137 
Tel: (03) 9761 7040 Fax (03) 9761 7050 
www.davisinstruments.com.au 


ELNEC iC PROGRAMMERS 
High quality E 

Realistic prices 
Free software updates 
Large range of adaptors 
Windows 95/98/Me/NT/2k/XP 


CLEVERSCOPE 
USB OSCILLOSCOPES 
2 x 100MSa/s 10bit nes + pune 
100MHz bandwidth .. = 
8 x digital inputs S2 
4M samples/input ‘885.9; 
Sig-gen + spectrum analyser 
Windows 98/Me/NT/2k/XP 
IMAGECRAFT C COMPILERS 
ANSI C compilers, Windows IDE 
AVR, TMS430, ARM7/ARM9 
68HC08, 68HC 11, 68HC12 
GRANTRONICS PTY LTD 
www.grantronics.com.au 


RCS RADIO/DESIGN is at 41 Arlewis 
St, Chester Hill 2162, NSW Australia 
and has all the published PC boards 
from SC, EA, ETI, HE, AEM 4 others. 
Ph (02) 9738 0330. sales @rcsradio. 
com.au, www.rcsradio.com.au 


MicroByte Electronics: PIC Micros 


spt MS120 


The world's lowest cost controller 
with inbuilt operator interface 

e 12 digital /O 

e2 line LCD 

e5 push buttons = 

e Easy to program 


$120 w/o LCD. $164 w/LCD. Developer’s kit $197 
Developer’s Kit includes programming cable & software 


Made in Australia - used world-wide 
splat-sc.com 


HI-FI PENER PAIRS 


YOUR EXPERT SPEAKER REPAIR SPECIALISTS 
Specialising in UK, US and Danish brands, 
Speakerbits are your vintage, rare and collectable speaker 
repair experts. Foam surrounds, voice coils, complete 
recone kits and more. Original OEM parts for Scan-Speak, 
Dynaudio, Tannoy, JBL, ElectroVoice and others! 


03 9647 7000 


— Development Board — Development 
tools £ Components. Phone: (03) 9378 
4288. info@ microbyte.com.au; www. 
microbyte.com.au 


PCBs MADE, ONE OR MANY. Any 
format, hobbyists welcome. Sesame 
Electronics Phone (02) 9593 1025. 
sesame @sesame.com.au 
www.sesame.com.au 


LEDs! New old stock standard bright- 
ness and superbright brand name LEDs 
from just a few cents each. Cree X-Lamp 
XR-E LEDs $14.50. TA8050P bridge 
DC motor drivers $1.50. 20 x 2 OLED 


www. siliconchip.com.au 


Do You Eat, Breathe and Sleep TECHNOLOGY? 


Opportunities for full-time and part-time positions all over Australia & New Zealand 


Jaycar Electronics is a rapidly growing, Australian 
owned, international retailer with more than 39 stores in 
Australia and New Zealand. Our aggressive expansion 
programme has resulted in the need for dedicated 
individuals to join our team to assist us in achieving our 
goals. 


Advertising Index 


555 Electronics 

Alternative Technology Assoc ..... 99 
Altronics loose insert 
Amateur Scientist CDs 

Av-Comm 

Blue Patents 

COEM Audio 

Decibel Hi-Fi 

Dick Smith Electronics 

Dontronics 

Ecowatch 

Elan Audio 

Farnell InOne 

FreeNet Antennas 

Grantronics 

Harbuch Electronics 

Instant PCBs 

|Pembedded 


Why not do something you love and get paid for it? Please 
| write or email us with your details, along with your C.V. 
and any qualifications you may have, We pay a 
competitive salary, sales commissions and have great 
benefits like a liberal staff purchase policy. 


Send to: 
Retail Operations Manager - Jaycar Electronics Pty Ltd 
P.O. Box 6424 Silverwater NSW 1811 

Email: jobsOjaycar.com.au 


We pride ourselves on the technical knowledge of our 
staff. Do you think that the following statements describe 
you? Please put a tick in the boxes that do: 


*] Knowledge of electronics, particularly at component level. 
O Assemble projects or kits yourself for car, computer, audio, etc. 
O) Have empathy with others who have the same interest as you. 
O May have worked in some retail already (not obligatory). 
O Have energy, enthusiasm and a personality that enjoys 
helping people, 
O Appreciates an opportunity for future advancement. 
O Have an eye for detail. 


Jaycar Electronics is an equal opportunity employer and 
actively promotes staff from within the organisation. 


Microgram Computers 
Measurement Innovation 

Oatley Electronics 

Ocean Controls 

Prime Electronics 

Quest Electronics 

Radio & Hobbies DVD Archive.... 21 
RCS Radio 

Richard Foot Pty Ltd 

RF Modules 


displays $39. Also LED and Nixie clock 
kits and all sorts of other stuff. www. 
ledsales.com.au 


KIT ASSEMBLY 


Parallax Basic Stamps 

The awesome simultasking 8-core Propeller Chip. 
Lots of sensors and Development kits + Robots. 
Ultrasonics, PIR accelerometer. } 
Serial LCD display, serial keypads. 


Stepper Motor Controllers & Motors 
Micro stepping up to 25,600 

fully protected industrial 

grade controllers at incredible 


NEVILLE WALKER KIT ASSEMBLY 
& REPAIR: 

e Australia wide service 

eo Small production runs 

e Specialist “one-off” applications 
Phone Neville Walker (07) 3857 2752 
Email: flashdog @ optusnet.com.au 


WANTED 


prices. 

PCB mount units with full 32 

bit indexer capability. 

DIN rail mount controller for factory applications. 
See our website for details and PDF file. 

Call or email us for application assistance. 
ron@nollet.com.au 


Satcam 

Sesame Electronics 

Silicon Chip Binders 

Silicon Chip Bookshop 104,IBC 
Silicon Chip Positions Vacant 27 
Silicon Chip Subscriptions 


RT Nollet: Ph (03) 9338 3306; fax (03) 9338 
4596; mobile 0407 804 712. 
www.nollet.com.au 


WANTED: EARLY HIFIs, AMPLIFIERS, 
Speakers, Turntables, Valves, Books, 
Quad, Leak, Pye, Lowther, Ortofon, 
SME, Western Electric, Altec, Marantz, 
McIntosh, Tannoy, Goodmans, Whar- 


fedale, radio and wireless. Collector/ 
Hobbyist will pay cash. (07) 5471 1062. 
johnmurt@highprofile.com.au 


www. siliconchip.com.au 


Do you have a good circuit idea? If so, sketch it out, write a brief 
description of its operation & send it to us. Provided your idea is 
workable & original, we'll publish it in Circuit Notebook & you'll 
make some money. We pay up to $60 for a good circuit or you 
could win some test gear. Send your idea to: 


Silicon Chip Publications, PO Box 139, Collaroy, NSW 2097. 


SC Perf. Elect. For Cars 
Siomar Battery Industries 
Speakerbits 

Splat Controls 

Trio Smartcal 


PC Boards 
Printed circuit boards for SILICON 
CHIP designs can be obtained from 
RCS Radio Pty Ltd. Phone (02) 9738 
0330. Fax (02) 9738 0334. 


MAY 2007 


on Audio, The very latest from the renowned audio design guru. 
A collection of 35 classic magazine articles offering a 


compressors/limiters, hybrid bipolar/FET amps, elec- 
tronic switching and more. 474 pages in paperback. 


= 


4 


Ñ point without significantly increasing cost. Includes 


(st 


Variable Speed 
Drives and 
Power Elec tronics 


rt 7 
4, = 


An essential reference for engineers and anyone who wishes 
to design or use variable speed drives for induction motors. 
As reviewed in SILICON CHIP September 2003. 288 pages. 


" ae 


MAU croelectronics, the 8051 family, programming in C and the 
4 use of a C compiler. Provides an interesting, enjoyable and 
4 easily mastered alternative to more theoretical textbooks. 
178 pages in paperback. 
E 


"Product 
Jesigners 


Widely regarded as the standard text on EMC, provides all the 
key information needed to meet the requirements of the EMC 
Directive. Most importantly, it shows how to incorporate EMC 
principles into the product design process, avoiding cost and 
performance penalties, meeting the needs of specific stand- 
ards and resulting in a better overall product. 

360 pages in paperback. 


ital conversion, convolution, filters or digital/analog conversion 
will benefit from reading this book. The principals precede the 

applications to provide genuine understanding and encourage 
further development. 302 pages in paperback. 


The latest guide to RF design for engineers, technicians, stu- 
dents and enthusiasts. Covers key topics in RF: analog design 
principles, transmission lines, couplers, transformers, ampli- 

fiers, oscillators, modulation, transmitters and receivers, 
propagation & antennas. 279 pages in paperback. 


ype vaca) id 


TECHNIQUES Covers all the analog electronics needed in a wide range of 
AA higher education programs: first degrees in electronic engi- 


ta. neering, experimental science course, MSc electronics and 
i Y | FA electronics units for HNDs. Supported by numerous worked 
; a examples and experimental exercises. 312 pages paperback. 


104 SILICON CHIP 


as | dependable methodology for designing audio power 
` | amplifiers in a way that improves performance at every 
% Va 


Projects inG Through graded projects introduces the fundamentals of mi- 


Video Suambling jaa? 


Anyone interested in ports, transducer interfacing, analog to dig- 


REFERENCE 


GREAT BOOKS FOR 


Audio Power 
Amplifier pesign $ p ; 2 
prandbook Reduced in price from previous edition! From one of 
the world’s most respected audio authorities. New 4th 
edition is more comprehensive than ever — now with new 
chapters on Class D amplifiers and DC servos. 

Now even bigger - 465 pages in paperback. 


tA See the review in September 2006 issue. 


For anyone involved in designing, adapting and using analog 
and digital audio equipment. Covers tape recording, tuners 
and receivers, preamplifiers, voltage amplifiers, audio power 
amplifiers, compact disc technology & digital audio, test & 
measurement, loudspeaker crossover systems, power sup- 
plies and noise reduction systems. 375 pages in soft cover. 


Essential reading for electronics designers and students 
alike. It will answer questions about core analog theory and 
design principles as well as offering practical design ideas. 
Many of the circuits taken from lan Hickman’s 

A magazine articles. 294 pages in soft cover. 


An easy-to-follow, step-by-step text for a wide variety of 
power supplies. All described in simple language. Anyone 

with a basic knowledge of electronics can create a very com- ° 
plicated power supply design. 265 pages in paperback. 


liag 
» 


a“ 


Ever wondered how they scramble video on cable and sat- 
ellite TV? This book tells you! Encoding/decoding systems 
(analog and digital systems), encryption, even schematics 
and details of several encoder and decoder circuits for ex- 
perimentation. For both the hobbyist and the professional. 
290 pages in paperback. 


A guide to DVD technology and applications, with particular 
focus on design issues and pitfalls, maintenance and repair. 
Ideal for engineers, technicians, students of consumer 
electronics and sales and installation staff. As reviewed in g} 
Silicon Chip February 2004. 319 pages in paperback. 8, e 


sats 
Comp] 
Referer 
Red Hat if you're into Linux you've got to have this latest 
A omnibus reference covering Red Hat Enterprise Linux 
Pe and Fedora. Great for internet server management, 
=N Y firewalls, encryption, authentication and more. 
4 © includes DVD. 832 pages, soft covers. 


siliconchip.com.au 


